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ABSTRACT
We report results of 6.7 GHz methanol maser monitoring of 139 star-forming sites with the
Torun 32 m radio telescope from June 2009 to February 2013. The targets were observed
at least once a month, with higher cadences of 2-4 measurements per week for circumpolar
objects. Nearly 80 per cent of the sources display variability greater than 10 per cent on a
time-scale between a week and a few years but about three quarters of the sample have only
1-3 spectral features which vary significantly. Irregular intensity fluctuation is the dominant
type of variability and only nine objects show evidence for cyclic variations with periods
of 120 to 416 d. Synchronised and anti-correlated variations of maser features are detected
in four sources with a disc-like morphology. Rapid and high amplitude bursts of individual
features are seen on 3-5 occasions in five sources. Long (>50 d to 20 months) lasting bursts
are observed mostly for individual or groups of features in 19 sources and only one source
experienced a remarkable global flare. A few flaring features display a strong anti-correlation
between intensity and line-width that is expected for unsaturated amplification. There is a
weak anti-correlation between the maser feature luminosity and variability measure, i.e. maser
features with low luminosity tend to be more variable than those with high luminosity. The
analysis of the spectral energy distribution and continuum radio emission reveals that the
variability of the maser features increases when the bolometric luminosity and Lyman flux
of the exciting object decreases. Our results support the concept of a major role for infrared
pumping photons in triggering outburst activity of maser emission.
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1 INTRODUCTION
High mass young stellar objects (HMYSOs) exert significant in-
fluence on their environments creating a variety of structures and
phenomena such as stellar winds and jets, expanding H ii regions,
outflows and shock waves (Zinnecker & Yorke 2007). One of the
phenomena intimately linked to high-mass star formation at very
early stages is the methanol maser emission (e.g. Breen et al.
2010). The most strong and widespread maser transition at 6.7 GHz
probes dense (104 − 108 cm−3) and relatively cool (<150 K) gas
with methanol fractional abundance greater than 10−7 (Cragg et al.
2005). The estimated lifetime of a methanol maser is 2−5×104 yr
(van der Walt 2005), which is comparable to the time-scale of the
chemical evolution of methanol species in hot cores (e.g. Rodgers
& Charnley 2003) and the dynamical ages of molecular outflows
associated with HMYSOs (e.g. Shepherd & Churchwell 1996). The
radio continuum observations suggest that the methanol masers
trace the earliest stages of the (proto)stellar evolution (Walsh et al.
1998; Beuther et al. 2002; Urquhart et al. 2013a).
The individual maser spectral features are composed of one to
? E-mail: msz@astro.umk.pl
a few clouds of a linear size from several to tens of au. The median
size of the methanol maser clouds observed for a sample of about
60 sources (Bartkiewicz et al. 2009, Bartkiewicz, Szymczak & van
Langevelde 2014, 2016) is only 5.5 au. The methanol clouds are
distributed in larger structures of various shapes and sizes up to
several hundred au. Proper motion studies of a few objects indicate
that those clouds may trace molecular discs, outflows or even in-fall
of a molecular envelope (Goddi et al. 2011; Moscadelli et al. 2011b;
Sanna et al. 2010a,b; Sugiyama et al. 2014). In this paper we report
on the variability characteristics of 6.7 GHz methanol masers most
of which have been studied at high angular resolution.
Early information on the variability of methanol masers
came primarily from surveys aimed at searching for new sources
(Caswell, Vaile & Ellingsen 1995a). Caswell et al. (1995b) ob-
served a sample of 245 objects on 4-5 occasions over a period of
1.5 yr, finding that 75 per cent of spectral features were not signif-
icantly variable, while noticeable variability, with an amplitude of
usually less than a factor of two, was reported only in 48 sources
(Caswell et al. 1995a). They have suggested that the variations can
be related to changes in the maser path length or pump rate. A
comparison of data sets for 384 masers from the untargeted survey
of the Galactic plane in the longitude range 6 to 60. taken at two
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epochs separated by about 2 yr for a majority of sources (Green et
al. 2010; Breen et al. 2015) implies that the peak flux densities dif-
fer by a factor of two or greater for 5−7 per cent of the sources. In
a sample of 204 masers observed mostly in the same Galactic area
but at two epochs spanned about 9 yr the peak flux or integrated
flux densities changed by a factor of two or greater in about 30 per
cent of the targets (Szymczak et al. 2012).
The largest variability survey to date is that of Goedhart et al.
(2004), which probed the 6.7 GHz flux density in 54 sources over
a period of 4.2 yr with cadences of 2-4 observations per month or
daily observations of rapidly variable targets. The survey showed a
remarkable variability of different patterns on time-scales of a few
days to several years for a majority of the targets. One of their spec-
tacular findings was the detection of strictly periodic (132−520 d)
variability in seven sources. More periodic masers have since been
found (Goedhart et al. 2009, 2014; Araya et al. 2010; Szymczak et
al. 2011, 2015; Fujisawa et al. 2014b; Maswanganye et al. 2015,
2016). This class of masers has been intensively studied to investi-
gate the origin of periodic variability (e.g. van der Walt 2011; Par-
fenov & Sobolev 2014). One of a plausible cause is periodic mod-
ulation of the accretion rate in the circumstellar or protobinary disc
(Araya et al. 2010; Parfenov & Sobolev 2014). The interaction of
colliding winds in a binary system may vary the background flux of
the seed photons which periodically modulate the methanol maser
flux density (Goedhart et al. 2009; van der Walt 2011; Maswan-
ganye et al. 2015).
There are several studies of peculiar variability at 6.7 GHz in
individual sources. MacLeod & Gaylard (1996) found a flare activ-
ity of G351.78−0.54 on time-scales of a few months superimposed
on long-term variations on a time-scale of years that can be caused
by changes in the maser pumping or disturbances within the maser
regions. Fujisawa et al. (2014c) reported episodic and short (<6 d)
bursts of only one feature in the spectrum of G33.641−0.228. These
bursts arise in a region much smaller that 70 au possibly as a result
of magnetic energy release. Synchronized and anti-correlated vari-
ations of the 6.7 GHz methanol maser flux density of the blue- and
red-shifted features were reported in Cep A (Sugiyama et al. 2008;
Szymczak et al. 2014). The same source also exhibited periodic
(84-87 d) variations of individual features for about 290 d interval
and faint flare events of duration of 1.4−1.8 yr (Szymczak et al.
2014).
In this paper, we present full data from a monitoring of 166
sources. Our goal is to characterise the long-term behaviour of
6.7 GHz masers in attempt to study possible origins for the vari-
ability and its usefulness in probing the environment of HMYSOs.
Results of the monitoring of individual objects were partly pub-
lished in Szymczak et al. (2011, 2014, 2015).
2 OBSERVATIONS AND DATA ANALYSIS
2.1 Sample
A sample of 139 star-forming sites with peak 6.7 GHz flux density
greater than 5 Jy and declination above −11◦ was selected from the
Torun methanol source catalogue (TMSC, Szymczak et al. 2012).
These criteria allowed observations of luminous targets well above
the elevation limit of the telescope. The target list is given in Ta-
ble 1 which assigns a name to each site based on its Galactic coor-
dinates. The positions of almost all (138/139) masers in the sample
are derived from various interferometric measurements. For these
sites the position offset between the interferometric coordinates and
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Figure 1. Histograms of the integrated methanol flux density for sources in
the present sample and two comparison samples from the TMSC (Szymczak
et al. 2012, upper panel) and the Methanol Multibeam Survey (Breen et al.
2015, lower panel).
the actual pointing coordinates are given. The inspection of inter-
ferometric maps reveals at least 20 sites in the sample which have
two or more compact maser groups separated each other by more
than 1′′. It is likely that for a typical distance of 5 kpc individ-
ual maser groups separated by more than 5000 au are associated
with physically unrelated objects. The number of sources towards
these star-forming sites is given as a superscript to their names.
The data from various interferometers (references to Table 1) indi-
cate that our sample contains at least 166 distinct maser sources.
The fifth column of Table 1 gives the systemic velocity chosen as
the peak velocity of the optically thin molecular lines from Szym-
czak, Bartkiewicz & Richards (2007) and Shirley et al. (2013) or in
the worst case as the middle velocity of the methanol maser profile.
The last column of Table 1 provides the number of distinct sources
included or excluded from the further analysis due to causes dis-
cussed in Section 2.3.
The monitoring sample contains 63.5 per cent of TMSC sites
at Galactic longitude l >20◦. 92.2 and 65.5 per cent of TMSC ob-
jects with S int >10 Jy km s−1 and 3 < S int <10 Jy km s−1, are in-
cluded, respectively (Fig. 1). Here, S int is the integrated flux den-
sity. Breen et al. (2015) made an unbiased survey the Galactic
range 20◦ < l < 60◦ and |b| <2.◦0, finding 80 sources with S int >
10 Jy km s−1 out of the 84 targets in common with our sample. In
this region 50.9 per cent of objects with 3 < S int <10 Jy km s−1 are
also in the monitoring sample (Fig. 1). This implies that our flux-
limited sample is nearly complete in the region studied by Breen et
al. (2015).
2.2 Observations
The 32-m radio telescope at the Torun Centre for Astronomy was
used between 2009 June and 2013 February for observations of
the 6668.519 MHz methanol maser transition. Data for each object
were taken at least once a month before 2010 October, then highly
variable targets were observed at irregular intervals of 5-10 d, with
several gaps of 3-4 weeks due to scheduling constraints. Several
circumpolar objects were observed 3-4 times a week over the entire
programme. Thus for all the targets our observations are sensitive
to maser variability on weeks-months time-scales.
c© 2017 RAS, MNRAS 000, 1–61
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Table 1. List of 6.7 GHz methanol maser sites monitored. The site name
superscript gives the reference for coordinates derived from interferometric
observations. The pointing coordinates are given for other site. Sites with
multiple maser sources (clusters) are marked with a † and the number of
sources is given. The fourth column lists the offset of the actual pointing
from the maser position. The fifth column lists the systemic velocity. The
note indicates whether the object was included (Y) or excluded (N) from
statistical analysis and their number for clusters is added.
Name RA(2000) Dec(2000) Offset Vs Note
(h m s) (◦ ’ ”) (’) (km s−1)
G20.237+0.065a†2 18 27 44.56 −11 14 54.1 0.168 71.4K 2Y
G21.407−0.254b 18 31 06.34 −10 21 37.4 0.001 90.71,K Y
G21.563−0.033c 18 30 36.07 −10 07 10.9 0.469 113.92,K Y
G22.039+0.222d 18 30 34.70 −09 34 47.0 0.436 51.02,K Y
G22.335−0.155b 18 32 29.41 −09 29 29.7 0.004 30.91,K Y
G22.357+0.066b 18 31 44.12 −09 22 12.3 0.021 84.21,K Y
G22.435−0.169a 18 32 43.82 −09 24 32.8 0.658 28.32 Y
G23.010−0.411a 18 34 40.29 −09 00 38.1 0.042 77.62,T Y
G23.207−0.378b 18 34 55.21 −08 49 14.9 0.015 79.22,T Y
G23.257−0.241c 18 34 31.26 −08 42 46.7 0.012 62.4 Y
G23.389+0.185b 18 33 14.32 −08 23 57.5 0.001 75.82 Y
G23.437−0.184e†2 18 34 39.27 −08 31 39.3 0.074 106.6T 2Y
G23.484+0.097c 18 33 44.05 −08 21 20.6 0.345 83.42 Y
G23.657−0.127b 18 34 51.56 −08 18 21.3 0.001 80.22,T Y
G23.707−0.198b 18 35 12.37 −08 17 39.4 0.001 68.91,T Y
G23.966−0.109b†3 18 35 22.21 −08 01 22.5 0.001 72.71,K 1Y
G24.148−0.009b 18 35 20.94 −07 48 55.7 0.004 23.11,K Y
G24.329+0.144 f 18 35 08.09 −07 35 03.6 0.060 113.22,K Y
G24.494−0.038a 18 36 05.73 −07 31 19.2 0.845 109.22 Y
G24.541+0.312b 18 34 55.72 −07 19 06.7 0.009 107.82,K Y
G24.634−0.324b 18 37 22.71 −07 31 42.1 0.163 42.71,K Y
G24.790+0.083a†4 18 36 12.56 −07 12 10.8 0.036 109.5T 1Y
G25.411+0.105b 18 37 16.92 −06 38 30.5 0.042 96.01,K Y
G25.650+1.049c 18 34 20.90 −05 59 42.2 0.310 41.7K Y
G25.710+0.044c 18 38 03.15 −06 24 14.9 0.025 99.22,T Y
G25.826−0.178c 18 39 03.63 −06 24 09.7 0.005 92.32,K Y
G26.527−0.267c 18 40 40.26 −05 49 12.9 0.090 105.82,K Y
G26.598−0.024b 18 39 55.93 −05 38 44.6 0.001 23.31,K Y
G26.601−0.221c 18 40 38.57 −05 44 01.6 0.091 107.52,K Y
G27.221+0.136b 18 40 30.55 −05 01 05.4 0.000 112.61 Y
G27.286+0.151c 18 40 34.51 −04 57 14.4 0.017 31.42,K Y
G27.365−0.166c 18 41 51.06 −05 01 43.5 0.238 91.32,T Y
G28.011−0.426a 18 43 57.97 −04 34 24.1 1.063 19.32,K Y
G28.146−0.005 f 18 42 42.59 −04 15 36.5 0.076 98.72,K Y
G28.282−0.359c 18 44 13.26 −04 18 04.9 0.036 48.42 Y
G28.305−0.387c 18 44 21.99 −04 17 38.4 0.003 85.52,K Y
G28.817+0.365b 18 42 37.35 −03 29 40.9 0.002 87.01,K Y
G28.832−0.253c 18 44 51.09 −03 45 48.7 0.671 87.92,K Y
G29.863−0.044g 18 45 59.57 −02 45 04.4 0.262 100.92,T Y
G29.955−0.016c†2 18 46 03.74 −02 39 22.2 0.000 99.9T 1Y
G30.198−0.169a†2 18 47 03.07 −02 30 36.3 0.118 107.6K 2Y
G30.317+0.070b 18 46 25.03 −02 17 40.8 0.076 45.31,K Y
G30.400−0.296b†2 18 47 52.30 −02 23 16.0 0.131 102.41 1Y
G30.703−0.068c 18 47 36.82 −02 00 53.8 0.121 88.02 N
G30.760−0.052c 18 47 39.78 −01 57 23.4 0.281 90.3K N
G30.780+0.230c 18 46 41.52 −01 48 37.1 1.750 41.62 N
G30.788+0.204c 18 46 48.09 −01 48 53.9 0.516 83.52.K Y
G30.818−0.057c†2 18 47 46.97 −01 54 26.4 0.293 94.72,K 2Y
G30.898+0.161c 18 47 09.13 −01 44 11.1 0.471 105.52,K Y
G31.047+0.356b 18 46 43.86 −01 30 54.2 0.652 77.61,K Y
G31.059+0.093c 18 47 41.35 −01 37 26.2 0.279 16.82 Y
G31.158+0.046c†2 18 48 02.40 −01 33 26.8 0.141 38.91 1Y
G31.281+0.061c 18 48 12.43 −01 26 30.1 0.613 107.02,T Y
G31.412+0.307h 18 47 34.29 −01 12 45.6 0.356 98.3K Y
G31.581+0.077b 18 48 41.94 −01 10 02.5 0.329 96.01,T Y
Table 1 – continued
Name RA(2000) Dec(2000) Offset Vs Note
(h m s) (◦ ’ ”) (’) (km s−1)
G32.045+0.059c 18 49 36.56 −00 45 45.9 0.189 93.62,T Y
G32.744−0.076a 18 51 21.87 −00 12 05.3 0.024 36.42,K Y
G32.992+0.034b 18 51 25.58 00 04 08.3 0.758 83.41,K Y
G33.093−0.073c 18 51 59.58 00 06 35.5 0.891 105.62,K Y
G33.133−0.092c 18 52 07.82 00 08 12.8 0.339 77.12,K Y
G33.393+0.010c 18 52 14.62 00 24 52.9 1.059 102.0K Y
G33.641−0.228b 18 53 32.56 00 31 39.2 0.461 61.11,T Y
G33.980−0.019b 18 53 25.02 00 55 26.0 0.022 61.11,K Y
G34.096+0.018c 18 53 29.94 01 02 39.4 0.567 57.62,K Y
G34.245+0.134a†2 18 53 21.45 01 13 46.0 0.706 58.9K 1Y
G34.396+0.222a 18 53 19.09 01 24 13.9 0.621 59.3T Y
G34.751−0.093b 18 55 05.22 01 34 36.3 0.136 51.11,K Y
G34.791−1.387c 18 59 45.98 01 01 19.0 0.347 46.3 Y
G35.025+0.350a 18 54 00.66 02 01 19.3 0.159 52.92,T Y
G35.197−0.743c†2 18 58 13.05 01 40 35.7 0.258 31.5T 1Y
G35.200−1.736c 19 01 45.54 01 13 32.6 0.080 43.2T Y
G35.793−0.175b 18 57 16.89 02 27 57.9 0.089 61.91,K Y
G36.115+0.552b†2 18 55 16.79 03 05 05.4 0.029 76.01,K 1Y
G36.705+0.096b 18 57 59.12 03 24 06.1 0.080 59.81,K Y
G37.030−0.038b†2 18 59 03.64 03 37 45.1 0.019 80.11,K 2Y
G37.430+1.518c 18 54 14.23 04 41 41.1 1.297 46.4T N
G37.479−0.105b 19 00 07.14 03 59 53.3 0.003 59.11,K Y
G37.554+0.201i 18 59 09.99 04 12 15.5 0.359 86.72,K Y
G37.598+0.425b 18 58 26.80 04 20 45.5 0.107 90.01,K Y
G38.038−0.300b 19 01 50.47 04 24 18.9 0.019 62.62,K Y
G38.119−0.229i 19 01 44.15 04 30 37.4 0.883 83.42,K Y
G38.203−0.067b 19 01 18.73 04 39 34.3 0.014 82.92,K Y
G38.258−0.074i 19 01 26.23 04 42 17.3 0.680 12.12 Y
G39.100+0.491b 19 00 58.04 05 42 43.9 0.002 23.11 Y
G40.282−0.219 j 19 05 41.22 06 26 12.7 0.238 74.12,K Y
G40.425+0.700 j 19 02 39.62 06 59 09.1 0.883 10.1K Y
G40.622−0.138i 19 06 01.63 06 46 36.2 0.171 33.12,K Y
G41.348−0.136 j 19 07 21.84 07 25 17.6 0.244 12.82,K Y
G42.034+0.190i 19 07 28.19 08 10 53.5 0.321 12.4K Y
G42.304−0.299i 19 09 43.59 08 11 41.4 0.210 27.02,K Y
G43.038−0.453i 19 11 38.98 08 46 30.7 0.182 57.62,K Y
G43.074−0.077i 19 10 22.05 08 58 51.5 0.184 12.62,K Y
G43.149+0.013 j†4 19 10 11.05 09 05 20.5 1.184 14.4T 2Y
G43.795−0.127i 19 11 53.99 09 35 50.6 0.205 45.42,T Y
G43.890−0.784c 19 14 26.39 09 22 36.6 0.843 50.4T Y
G45.071+0.132i 19 13 22.13 10 50 53.1 0.163 59.22,T Y
G45.467+0.053 j†2 19 14 24.15 11 09 43.4 0.104 64.42,T 2Y
G45.473+0.134 j†2 19 14 07.36 11 12 16.0 0.250 63.12,K 2Y
G45.804−0.356i 19 16 31.08 11 16 12.0 0.266 60.12,K Y
G49.265+0.311i 19 20 44.86 14 38 26.9 0.038 3.32,K Y
G49.349+0.413i 19 20 32.45 14 45 45.4 0.190 68.0K Y
G49.416+0.326i†2 19 20 59.21 14 46 49.7 0.098 −21.42,K 2Y
G49.482−0.402i†3 19 23 46.19 14 29 47.1 0.156 48.2T 3N
G49.599−0.249i 19 23 26.61 14 40 17.0 0.041 56.62,K Y
G50.779+0.152i 19 24 17.41 15 54 01.6 0.137 42.22,K Y
G52.199+0.723c 19 24 59.84 17 25 17.9 2.326 3.2 N
G52.663−1.092c 19 32 36.08 16 57 38.5 0.212 62.4 Y
G53.618+0.035i 19 30 23.02 18 20 26.7 0.104 23.12,K Y
G58.775+0.644c 19 38 49.13 23 08 40.2 1.454 33.1K N
G59.783+0.065 j 19 43 11.25 23 44 03.3 0.001 22.52,T Y
G59.833+0.672c 19 40 59.33 24 04 46.5 0.128 37.7K Y
G60.575−0.187k 19 45 52.50 24 17 43.0 0.883 4.92,K Y
G69.540−0.976l 20 10 09.07 31 31 35.9 1.120 7.5T Y
G70.181+1.742k 20 00 54.14 33 31 31.0 3.322 −26.5 N
G71.522−0.385p 20 12 57.91 33 30 26.9 0.008 10.62 Y
G73.06+1.80 20 08 10.2 35 59 23.7 1.7 Y
G75.782+0.343m†2 20 21 44.01 37 26 37.5 1.309 −1.62 2N
G78.122+3.633n 20 14 26.07 41 13 32.7 0.001 −6.8T Y
c© 2017 RAS, MNRAS 000, 1–61
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Table 1 – continued
Name RA(2000) Dec(2000) Offset Vs Note
(h m s) (◦ ’ ”) (’) (km s−1)
G79.736+0.990o 20 30 50.67 41 02 27.6 0.052 −1.72,T Y
G80.861+0.383o 20 37 00.96 41 34 55.7 2.976 −1.62,T N
G81.871+0.781o 20 38 36.43 42 37 34.8 0.005 10.62,T Y
G85.410+0.003p 20 54 13.68 44 54 07.6 0.014 −36.62 Y
G90.921+1.487k 21 09 12.97 50 01 03.6 1.466 −70.0 N
G94.602−1.796m 21 39 58.27 50 14 21.0 1.055 −42.4T Y
G108.184+5.519l 22 28 51.41 64 13 41.3 0.334 −11.4T Y
G109.871+2.114m 22 56 17.90 62 01 49.6 0.130 −3.5T Y
G111.256−0.770m 23 16 10.36 59 55 28.5 0.564 −43.52,T Y
G111.542+0.777m†3 23 13 45.36 61 28 10.6 0.000 −57.72,T 3Y
G121.298+0.659l 00 36 47.35 63 29 02.2 0.808 −25.1T Y
G123.066−6.309l 00 52 24.20 56 33 43.2 0.757 −32.2T Y
G136.845+1.167p 02 49 33.59 60 48 27.9 1.360 −42.32 N
G173.482+2.446k 05 39 13.06 35 45 51.3 0.000 −11.3 Y
G183.348−0.575p 05 51 10.95 25 46 17.2 0.040 −10.0 Y
G188.794+1.031m 06 09 06.97 21 50 41.4 0.285 −1.02,T Y
G188.946+0.886l 06 08 53.34 21 38 29.2 0.086 2.82,T Y
G189.030+0.784 f 06 08 40.65 21 31 06.9 1.268 1.72 N
G192.600−0.048l 06 12 54.02 17 59 23.3 0.001 9.02,T Y
G196.454−1.677l 06 14 37.05 13 49 36.2 0.014 14.8T Y
G232.620+0.996m 07 32 09.78 −16 58 12.8 0.029 22.6T Y
References to positions: aBartkiewicz et al. (2016), bBartkiewicz et al.
(2009), cBreen et al. (2015), dCyganowski et al. (2009), eFujisawa et al.
(2014a), f Caswell (2009), gXu et al. (2009), hMoscadelli et al. (2013),
iPandian et al. (2011), jBartkiewicz et al. (2014), k(http://bessel.vlbi-
astrometry.org), lRygl et al. (2010), mReid et al. (2014), nMoscadelli et al.
(2011a), oRygl et al. (2012), pHu et al. (2016)
References to systemic velocity: 1Szymczak et al. (2007), 2Shirley et al.
(2013). Distance adopted: T trigonometric, K kinematic.
The telescope was equipped with a dual-channel HEMT re-
ceiver followed by an autocorrelation spectrometer configured to
record 4096 channels over 4 MHz for each polarisation, yielding
a spectral resolution of 0.09 km s−1 after Hanning smoothing. The
system temperature varied between approximately 30 and 50 K dur-
ing the observations. The telescope has a half power beam-width of
5.′8 and rms pointing errors of 25′′.
The spectra were obtained in a frequency-switching mode as
a series of 30 s integrations. Most sources had an on-source inte-
gration of approximately 30 min. The system was regularly cali-
brated by observing the continuum source 3C123 (Ott et al. 1994)
and daily checked using the source G32.744−0.076. This methanol
maser source was reported as non-variable within ∼5 per cent
(Caswell et al. 1995b). Indeed, high-cadence observations reveal
that some spectral features of the source have not shown variability
higher than 8 per cent on time-scales from weeks to a few years.
Detailed analysis of the light curves of five main spectral features
of the source was reported in Szymczak et al. (2014). The features
at 30.3, 38.5 and 39.1 km s−1 were non-variable during the moni-
toring period and the standard deviation of the flux density of these
features indicates that the resulting accuracy of the absolute flux
density is better than 10 per cent (Szymczak et al. 2014). The sys-
tem temperature for the observations was measured by a continu-
ously switched noise diode. Standard procedures were used to re-
duce the spectra. The typical rms noise level in the final spectra was
0.20-0.35 Jy at 0.09 km s−1 velocity resolution after averaging over
polarisation and time. There was no detectable interference on the
spectra of our targets with the exception of G27.286+0.151.
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Figure 2. Azimuthally averaged beam profile at 6.7 GHz. The normalised
power as a function of radial offset in arc-minutes is shown. Inset shows the
histogram of the angular offset (Table 1) of the actual observations.
2.3 Effect of offset observation and confusion
For several sites in the sample (Table 1) accurate positions have re-
cently been published (e.g., Bartkiewicz et al. 2014, 2016; Breen et
al. 2015) which show that for a majority of the targets the observed
positions deviate from the interferometric positions by less than
0.′4. These differences (the fourth column of Table 1) are much less
or comparable to the telescope pointing errors and have no signifi-
cant effect on the flux density measurements. The measured profile
of the telescope beam (Fig. 2) implies that our observations at an
offset higher than 1.′3 systematically underestimate the flux density
by 9 per cent and its uncertainty increases by more than 10 per cent
due to the pointing errors. There are 10 sites (11 distinct sources)
in the sample for which the flux density measurements are signif-
icantly influenced by these effects and all of them are discarded
in the following statistical analysis. Furthermore, the spectra of 18
sources (12 star-forming sites) are contaminated by confusion in-
troduced by other sources in the telescope beam or side-lobe re-
sponse from nearby bright sources and these sources are also ex-
cluded from the statistical analysis. Thus the variability analysis
presented from Section 3.2 is based on the spectra of 137 sources
which are not affected by the above mentioned effects.
2.4 Variability analysis
The maser spectra taken with the single dish consist of a number
of features with Gaussian velocity profiles arising from localised
clouds (e.g. Bartkiewicz et al. 2014, 2016). In many sources the
features are blended in velocity and to a lesser extent in location
but in most cases the peak flux density of individual features clearly
corresponds to the brightness of the strongest spot in the cloud as
identified by Very Long Baseline Interferometry (VLBI). In the fol-
lowing the light curves of individual features with an average peak
flux density greater than ∼1 Jy are analysed to characterise the vari-
ability properties of the target sources. The average flux density for
three spectral channels centred at peak velocity of individual fea-
ture was used. The velocity alignment between epochs was done
with the system Doppler track during the observations.
Firstly, we calculated the χ2 probability that the flux density of
a given spectral feature remains constant. The mean of data points
is used as a model to test if the light curve is invariant. A χ2-test of
c© 2017 RAS, MNRAS 000, 1–61
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the variability curve S i is done:
χ2 =
N∑
i=1
S i − S
σi
2 (1)
The reduced χ2 statistic is given by
χ2r =
1
N − 1
N∑
i=1
S i − S
σi
2 (2)
where S i denotes the individual flux density measurements of spec-
tral feature at epoch i, S their average in time, σi the individual
measurement uncertainties and N the number of measurements.
The measurement uncertainty σ used in Eqs. (1) and (2) takes into
account the rms noise σrms and calibration error σsys and it is given
by σ2 = σ2rms +σ
2
sys, where σsys is equals to Tmas(∆Tsys/Tsys). Here,
∆Tsys is the uncertainty in the system temperature Tsys and Tmas
is the antenna temperature at the maser peak. For an intrinsically
non-variable feature the value of χ2r is expected to be one. A fea-
ture is considered to be variable if the χ2-test gives a probability of
60.1 per cent for the assumption of constant flux density (99.9 per
cent significance level for variability).
In order to further quantify the variability properties of spec-
tral features of our sources we used the variability and fluctuation
indices. The variability index given by
VI =
(Smax − σmax) − (Smin + σmin)
(Smax − σmax) + (Smin + σmin) (3)
is a measure of the amplitude of the variability of a feature. Here
Smax and Smin are the highest and lowest measured flux densities,
respectively, and σmax and σmin are the uncertainties in these mea-
surements. This quantity is well determined only when the vari-
ability of a spectral feature is significantly greater than measure-
ment errors (e.g. Aller, Aller & Hughes 2003). It can be negative
for faint features or features with intrinsically little variability and
is very sensitive to outliers.
The fluctuation index is defined (e.g. Aller et al. 2003) as
FI =
[ N∑N
i=1 σ
2
i
(∑N
i=1 S
2
i σ
2
i − S
∑N
i=1 S iσ
2
i
N − 1 − 1
)]0.5
/S (4)
S i, S , σi and N are as before. This index measures the spread about
the mean flux density and is a reliable measure of variability for
spectral features with low signal-to-noise ratio and low amplitude
variability. This estimator has the advantage of being robust against
outliers.
Several features in the sample switch between intervals of
steady quiescence and long lasting flares (Sect. 3.6). We note that
the addition of an interval of steady intensity to a feature with a pre-
vious strong variability reduces the variability indices only slightly,
while the variability measures of a weakly variable feature increase
significantly when it starts to vary strongly.
3 RESULTS
Table 2 summarizes the variability parameters for the entire source
sample. The modified Julian Date at the start of the observations
MJDs, the total time-span of the observations Ts, the total number
of observations carried out No and the average observation cadence
C are given for each site. The peak velocity Vp, the average flux
density of peak S p, the variability index VI, the fluctuation index
FI, the reduced χ2 value χ2r are listed for each spectral feature. The
last column gives the χ2 value for a 99.9 per cent significance level
of variability of all features of the source.
The grand average spectrum together with the spectra at high
and low emission levels and the light curves of individual maser
features for each site are shown in Figure 3. If a given source has
several features of similar intensity and variability pattern, for the
sake of clarity, only one light curve is shown. For the same reason
the light curves of features in G32.744−0.076 contain weekly av-
eraged measurements. In many of the sources we note correlation
between the variations at different velocities which largely repre-
sent the final uncertainty in the absolute flux density calibration at
each epoch.
3.1 Individual maser sites
In this section we provide additional details which are not ade-
quately conveyed by Table 2 or Figure 3 for individual maser sites.
In particular, we highlight sites with peculiar types of variation
and sites with multiple sources and complex spectral structure that
could be confused with side-lobe effects and pointing offsets.
G20.237+0.065. The emission near 60.91 km s−1 comes from the
nearby source G20.239+0.065 and is composed of two features
(Bartkiewicz et al. 2016); a feature centred at 61.00 km s−1 de-
creased by a factor of 3.5, whereas that at ∼60.77 km s−1 remained
constant which resulted in a velocity drift of −0.26 km s−1. The fea-
ture at velocity 70.26 km s−1 which is a superposition of emission
from G20.239+0.065 and G20.237+0.065, was not variable. The
red-shifted (>71.1 km s−1) emission comes from G20.237+0.065
and showed complex variability (Section 3.4).
G22.039+0.222. The source does not show significant variations,
except for the feature at 54.42 km s−1 which increased by a factor
of 2.6. Faint (∼1.5 Jy) emission at 46.24 km s−1 dropped below the
sensitivity limit after MJD ∼55435.
G22.357+0.066. The blue-shifted (<83.5 km s−1) emission showed
high amplitude variations with a period of ∼179 d (Szymczak et al.
2015). Weak features at 85.05 and 88.43 km s−1 showed a marginal
indication of periodic variability.
G22.435−0.169. Almost all the features were not variable. The
exceptions are the features at 24.70 and 38.08 km s−1 which de-
creased by a factor of ∼1.8. The feature at 35.54 km s−1 exhibited
erratic variability of 4−5 Jy amplitude but the data sampling is too
sparse to estimate its time-scale (Section 3.6).
G23.010−0.411. The prominent features showed little or no vari-
ation. The feature at 79.40 km s−1 increased by a factor ∼1.8 after
MJD 55820. Comparison with the data in Goedhart et al. (2004)
suggests that the feature at velocity 74.73 km s−1 increased from
∼350 to ∼540 Jy after 10.5 years, but that at 72.71 km s−1 remained
at the same level of ∼45 Jy.
G23.207−0.378. The feature at 79.87 km s−1 increased by a factor
of two. The feature with a peak flux density of 1.9 Jy centred at
82.94 km s−1 increased to 16 Jy at 82.72 km s−1 (Section 3.7). The
rest of the features showed little or no variations.
G23.257−0.241. The source has several stable features. Faint
(∼1.1 Jy) emission near 60.22 km s−1 showed moderate variability
with a velocity drift of +0.25 km s−1 probably due to significant
variability of blended features.
G23.389+0.185. The features were not significantly variable, ex-
cept for the feature at velocity 76.84 km s−1 which decreased by a
factor of ∼2.3.
G23.437−0.184. The emission from 94.7 to 100.4 km s−1 comes
from the nearby source G23.440−0.182 and shows little variation.
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Table 2. Variability properties of 6.7 GHz methanol maser features. MJDs
refers to the modified Julian Date at the start of the observations, Ts denotes
the total time-span of the observations, No the total number of observations,
C the average observation cadence, Vp the peak velocity, S p the average
peak flux density, VI the variability index, FI the fluctuation index, χ2r the
reduced χ2 and χ299.9% the corresponding value value for a 99.9 per cent
significance level of variability. The indices and χ2 test values of features
affected by confusion are italicised.
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G20.237+0.065 (MJDs=55006, Ts= 1315, No=70, C(month−1)=1.597)
60.91 3.9 0.43 0.21 4.67 1.62
70.26 6.5 0.10 0.09 0.55
71.35 18.4 0.33 0.18 4.42
71.71 30.7 0.63 0.50 25.78
73.16 16.1 0.17 0.04 0.94
G21.407−0.254 (MJDs=55006, Ts= 1315, No=54, C(month−1)=1.227)
86.94 1.5 0.34 0.10 1.47 1.71
88.96 12.0 0.16 0.03 1.07
90.10 1.9 0.00 0.06 0.95
91.11 3.4 0.17 0.02 1.05
91.46 3.8 0.12 0.02 0.84
G21.563−0.033 (MJDs=55006, Ts= 1315, No=49, C(month−1)=1.112)
110.79 2.1 0.21 0.10 1.71 1.75
115.67 2.0 0.05 0.13 1.87
116.45 5.8 0.17 0.04 0.98
117.16 10.3 0.05 0.08 0.49
117.82 3.1 0.10 0.07 0.68
118.91 3.3 0.17 0.05 0.96
119.57 1.6 0.31 0.02 0.99
G22.039+0.222 (MJDs=55006, Ts= 1315, No=49, C(month−1)=1.112)
46.24 1.0 0.43 0.06 1.97 1.75
49.41 3.4 0.25 0.07 1.92
50.00 2.3 0.31 0.08 1.23
51.69 2.0 0.26 0.07 1.35
53.19 4.8 0.29 0.05 1.66
54.42 3.3 0.47 0.31 9.17
G22.335−0.155 (MJDs=55007, Ts= 1252, No=50, C(month−1)=1.191)
25.65 3.5 0.05 0.09 0.47 1.74
27.27 3.8 0.08 0.08 0.64
35.57 29.8 0.10 0.04 0.84
36.93 3.4 0.14 0.02 1.01
38.25 4.1 0.07 0.06 0.66
G22.357+0.066 (MJDs=55007, Ts= 1338, No=220, C(month−1)=4.982)
78.95 0.9 0.60 0.68 11.04 1.32
79.56 4.7 0.83 0.70 41.97
80.08 11.2 0.56 0.32 11.00
81.44 2.6 0.75 0.77 39.80
83.42 0.8 0.43 0.65 7.40
85.05 1.0 0.35 0.09 1.14
88.43 0.7 0.16 0.17 1.37
G22.435−0.169 (MJDs=55009, Ts= 1313, No=59, C(month−1)=1.136)
23.42 1.3 0.11 0.10 0.83 1.67
24.70 5.1 0.21 0.12 2.41
25.53 3.4 0.16 0.05 0.95
26.89 1.7 0.24 0.05 1.37
27.59 2.0 0.20 0.06 1.12
28.82 6.2 0.18 0.08 1.64
29.26 11.2 0.09 0.06 0.68
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
29.53 11.8 0.09 0.05 0.73
30.14 2.0 0.29 0.06 1.07
32.69 2.0 0.47 0.08 1.42
33.43 2.2 0.12 0.06 0.92
35.54 1.6 0.80 0.49 14.11
38.08 3.9 0.21 0.12 2.35
38.53 6.0 0.08 0.06 0.72
39.76 1.7 0.15 0.11 0.61
G23.010−0.411 (MJDs=55010, Ts= 1313, No=44, C(month−1)=0.997)
72.71 45.1 0.03 0.08 0.39 1.80
74.30 334.9 0.06 0.06 0.70
74.73 447.6 0.10 0.01 0.98
75.44 163.6 0.13 0.09 1.80
79.40 27.0 0.30 0.20 4.95
80.66 89.4 0.12 0.06 1.36
81.54 47.4 0.10 0.07 1.47
82.25 39.0 0.12 0.03 0.93
G23.207−0.378 (MJDs=55010, Ts= 1303, No=63, C(month−1)=1.448)
75.48 6.5 0.10 0.08 0.57 1.65
76.50 17.0 0.10 0.05 0.81
77.00 25.6 0.15 0.07 1.49
79.17 4.5 0.11 0.07 0.94
79.87 5.2 0.32 0.20 4.24
80.67 7.8 0.15 0.06 1.40
81.54 25.8 0.13 0.04 1.18
82.81 5.1 0.79 0.70 41.19
84.70 3.7 0.18 0.10 1.46
G23.257−0.241 (MJDs=55010, Ts= 1313, No=43, C(month−1)=0.974)
60.22 1.1 0.26 0.23 2.03 1.81
63.17 1.0 0.20 0.01 0.94
64.00 6.2 0.30 0.17 3.60
64.40 5.0 0.16 0.05 1.21
64.90 4.7 0.10 0.00 0.89
G23.389+0.185 (MJDs=55010, Ts= 1301, No=42, C(month−1)=0.983)
72.50 7.7 0.05 0.08 0.40 1.82
73.73 17.0 0.08 0.07 0.61
74.65 36.5 0.10 0.04 0.85
75.31 37.8 0.10 0.01 1.03
76.10 20.6 0.09 0.06 0.81
76.84 2.8 0.39 0.24 6.15
G23.437−0.184 (MJDs=55011, Ts= 1311, No=53, C(month−1)=1.207)
96.60 32.9 0.17 0.11 2.14 1.72
97.50 32.1 0.12 0.06 0.70
97.90 27.1 0.07 0.06 0.69
101.72 9.9 0.32 0.20 4.70
102.90 60.4 0.12 0.04 1.20
103.95 17.3 0.14 0.10 2.07
106.85 7.4 0.09 0.06 0.63
107.70 7.5 0.38 0.24 6.32
G23.484+0.097 (MJDs=55011, Ts= 1313, No=55, C(month−1)=1.252)
84.44 2.9 0.17 0.05 1.13 1.70
86.95 3.0 0.47 0.29 7.69
87.91 3.3 0.32 0.11 2.33
92.57 1.6 0.32 0.10 1.63
G23.657−0.127 (MJDs=55011, Ts= 1300, No=43, C(month−1)=0.983)
77.50 4.6 0.15 0.07 1.19 1.81
78.20 4.9 0.13 0.05 1.11
79.95 7.6 0.01 0.10 0.20
80.56 5.3 0.00 0.09 0.30
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Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
81.79 6.2 0.05 0.09 0.51
82.36 12.6 0.01 0.09 0.24
84.64 4.3 0.03 0.10 0.26
G23.707−0.198 (MJDs=55011, Ts= 1287, No=61, C(month−1)=1.419)
72.85 1.5 0.44 0.01 1.39 1.66
74.50 2.9 0.52 0.37 10.10
74.85 3.6 0.72 0.64 28.96
76.45 10.3 0.30 0.20 4.84
77.20 13.4 0.28 0.16 3.64
77.95 14.6 0.14 0.11 2.21
79.00 10.6 0.12 0.02 1.03
G23.966−0.109 (MJDs=55011, Ts= 1300, No=46, C(month−1)=1.054)
65.00 2.2 0.20 0.05 1.05 1.78
67.31 1.2 0.08 0.16 2.02
68.15 1.3 0.35 0.12 2.15
70.82 18.1 0.04 0.07 0.49
72.10 0.7 0.00 0.19 0.67
G24.148−0.009 (MJDs=55011, Ts= 1300, No=53, C(month−1)=1.217)
17.42 25.4 0.23 0.12 2.34 1.72
17.68 21.9 0.15 0.04 1.19
18.29 2.0 0.18 0.08 1.45
19.26 1.7 0.45 0.32 5.68
G24.329+0.144 (MJDs=55012, Ts= 1303, No=62, C(month−1)=1.425)
110.26 8.1 0.42 0.29 8.74 1.65
111.89 3.7 0.31 0.23 4.79
112.81 6.7 0.63 0.55 29.01
113.43 8.2 0.90 1.55 227.78
115.36 9.7 0.90 1.50 216.57
119.83 2.4 0.72 0.49 16.59
G24.494−0.038 (MJDs=55012, Ts= 1265, No=52, C(month−1)=1.227)
109.44 4.0 0.29 0.06 1.97 1.72
111.46 3.6 0.22 0.02 1.59
113.13 2.6 0.35 0.15 3.21
113.87 1.6 0.15 0.09 1.08
114.97 9.9 0.55 0.39 16.19
G24.541+0.312 (MJDs=55007, Ts= 1236, No=59, C(month−1)=1.428)
105.54 3.2 0.82 0.75 45.10 1.67
106.91 9.7 0.44 0.29 8.92
108.53 4.6 0.61 0.19 4.20
109.93 5.2 0.07 0.07 0.57
G24.634−0.324 (MJDs=55012, Ts= 1333, No=83, C(month−1)=1.872)
35.51 5.1 0.15 0.03 1.11 1.55
43.91 3.5 0.78 0.52 21.45
46.43 1.0 0.56 0.54 8.37
G24.790+0.083 (MJDs=55012, Ts= 1303, No=58, C(month−1)=1.331)
107.64 58.2 0.00 0.09 0.28 1.68
110.32 35.4 0.14 0.06 1.38
111.90 32.5 0.01 0.08 0.31
112.29 22.9 0.00 0.09 0.22
113.34 89.8 0.07 0.06 0.66
114.09 34.2 0.00 0.09 0.15
G25.411+0.105 (MJDs=55013, Ts= 1332, No=86, C(month−1)=1.942)
94.68 7.3 0.54 0.28 8.11 1.54
97.06 11.5 0.64 0.45 20.17
G25.650+1.049 (MJDs=55008, Ts= 1318, No=56, C(month−1)=1.270)
40.34 2.0 0.15 0.13 0.64 1.69
41.79 108.9 0.22 0.08 1.68
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G25.710+0.044 (MJDs=55013, Ts= 1396, No=44, C(month−1)=0.937)
89.80 43.6 0.03 0.08 0.35 1.80
91.94 22.9 0.03 0.09 0.28
95.54 427.5 0.09 0.05 0.75
G25.826−0.178 (MJDs=55014, Ts= 1312, No=53, C(month−1)=1.206)
90.75 31.0 0.05 0.07 0.54 1.72
91.59 58.9 0.07 0.05 0.77
93.83 14.2 0.24 0.14 2.94
95.45 2.2 0.50 0.13 3.26
96.86 3.7 0.18 0.08 1.28
98.61 3.6 0.35 0.18 3.12
G26.527−0.267 (MJDs=55028, Ts= 1250, No=42, C(month−1)=0.998)
103.27 3.1 0.12 0.06 0.91 1.82
103.80 4.3 0.17 0.02 0.94
104.19 4.9 0.08 0.07 0.58
108.19 1.4 0.05 0.07 0.54
109.50 1.6 0.70 0.50 11.89
115.00 0.7 0.05 0.27 1.89
G26.598−0.024 (MJDs=55011, Ts= 1305, No=64, C(month−1)=1.469)
18.30 1.8 0.25 0.22 3.11 1.64
23.88 5.2 0.44 0.32 10.26
24.84 9.9 0.08 0.07 0.53
G26.601−0.221 (MJDs=55014, Ts= 1303, No=63, C(month−1)=1.448)
103.25 5.2 0.44 0.26 6.68 1.65
103.78 6.9 0.32 0.14 2.94
105.93 1.0 0.21 0.17 0.75
108.74 0.8 0.32 0.22 1.73
114.97 6.8 0.17 0.06 1.27
G27.221+0.136 (MJDs=55014, Ts= 1285, No=58, C(month−1)=1.350)
115.49 2.9 0.68 0.57 22.92 1.68
117.11 3.6 0.50 0.41 13.12
117.77 10.2 0.13 0.07 1.55
118.52 12.6 0.06 0.07 0.53
G27.286+0.151 (MJDs=55015, Ts= 1317, No=44, C(month−1)=0.994)
34.73 28.0 0.06 0.07 0.57 1.80
35.43 5.1 0.06 0.09 0.38
35.83 2.2 0.23 0.05 1.84
36.31 2.1 0.40 0.17 2.96
G27.365−0.166 (MJDs=55015, Ts= 1326, No=51, C(month−1)=1.148)
88.60 1.3 0.27 0.08 1.40 1.73
91.58 2.3 0.15 0.14 1.50
92.90 1.8 0.26 0.11 1.31
98.04 7.2 0.06 0.08 0.37
98.79 15.2 0.05 0.07 0.56
99.75 27.3 0.04 0.08 0.40
100.72 28.1 0.15 0.10 1.96
101.64 9.4 0.05 0.08 0.42
G28.011−0.426 (MJDs=55016, Ts= 1315, No=44, C(month−1)=0.995)
16.13 2.9 0.30 0.12 1.93 1.80
16.92 3.5 0.17 0.10 1.58
23.51 1.2 0.22 0.19 1.66
24.60 1.3 0.29 0.23 2.36
G28.146−0.005 (MJDs=55014, Ts= 1318, No=48, C(month−1)=1.085)
99.32 1.4 0.09 0.12 0.45 1.76
99.84 2.2 0.07 0.11 0.40
101.12 28.8 0.02 0.09 0.28
103.36 3.2 0.04 0.12 0.29
c© 2017 RAS, MNRAS 000, 1–61
8 M. Szymczak et al.
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
104.02 1.9 0.03 0.10 0.45
104.68 3.7 0.02 0.09 0.38
G28.282−0.359 (MJDs=55017, Ts= 1282, No=60, C(month−1)=1.401)
40.88 1.2 0.38 0.25 0.95 1.67
41.32 1.8 0.55 0.17 1.68
G28.305−0.387 (MJDs=55017, Ts= 1282, No=60, C(month−1)=1.401)
79.77 3.2 0.90 1.28 85.74 1.67
81.30 26.5 0.29 0.09 1.89
81.83 27.9 0.20 0.12 2.35
82.93 5.2 0.29 0.20 4.29
92.54 8.1 0.24 0.12 2.79
93.82 5.3 0.30 0.19 4.62
G28.817+0.365 (MJDs=55017, Ts= 1325, No=47, C(month−1)=1.057)
87.62 0.9 0.43 0.09 1.06 1.77
89.95 1.6 0.21 0.12 1.08
90.74 4.9 0.17 0.10 1.74
91.53 5.0 0.05 0.09 0.41
92.67 4.1 0.04 0.08 0.43
G28.832−0.253 (MJDs=55017, Ts= 1326, No=60, C(month−1)=1.354)
81.26 5.3 0.34 0.19 3.86 1.67
81.83 5.4 0.24 0.13 2.52
83.50 49.9 0.17 0.06 1.41
84.95 11.7 0.26 0.10 2.01
85.83 20.9 0.25 0.12 2.38
91.01 28.1 0.20 0.08 1.64
91.80 49.6 0.20 0.10 2.09
G29.863−0.044 (MJDs=55011, Ts= 1327, No=84, C(month−1)=1.904)
95.89 7.2 0.83 0.53 26.14 1.55
100.28 49.6 0.17 0.05 1.29
101.38 76.9 0.19 0.08 1.58
101.81 59.3 0.19 0.05 1.21
104.23 6.0 0.20 0.11 1.82
G29.955−0.016 (MJDs=55014, Ts= 1301, No=56, C(month−1)=1.287)
95.88 128.4 0.11 0.05 0.76 1.69
98.29 17.8 0.38 0.16 3.65
100.31 22.8 0.18 0.04 0.87
103.47 22.4 0.37 0.22 5.84
G30.198−0.169 (MJDs=55018, Ts= 1372, No=63, C(month−1)=1.433)
103.30 2.4 0.25 0.12 2.20 1.65
104.57 3.0 0.47 0.34 7.73
108.13 15.7 0.19 0.09 1.84
108.40 18.0 0.30 0.19 4.38
109.10 6.1 0.19 0.12 2.52
110.29 7.1 0.17 0.11 2.27
111.25 4.2 0.50 0.27 6.49
112.48 7.8 0.38 0.24 5.97
113.23 11.1 0.51 0.34 12.03
G30.317+0.070 (MJDs=55007, Ts= 1316, No=56, C(month−1)=1.272)
30.28 1.0 0.55 0.59 10.10 1.69
33.08 1.0 0.06 0.04 0.95
35.20 3.6 0.47 0.32 8.81
36.16 7.0 0.18 0.03 1.24
37.17 2.9 0.17 0.06 1.65
48.70 1.7 0.04 0.12 0.59
50.43 0.7 0.06 0.17 0.82
G30.400−0.296 (MJDs=55029, Ts= 1310, No=83, C(month−1)=1.905)
98.11 3.3 0.65 0.29 6.81 1.55
100.31 2.7 0.65 0.28 5.96
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
102.94 2.5 0.84 0.47 12.96
104.70 1.2 0.78 0.78 16.87
105.00 1.6 0.61 0.74 21.35
G30.703−0.068 (MJDs=55008, Ts= 1309, No=44, C(month−1)=1.000)
86.02 10.9 0.05 0.09 0.34 1.80
88.22 144.0 0.21 0.08 1.62
91.69 12.3 0.41 0.20 4.62
G30.760−0.052 (MJDs=55018, Ts= 1287, No=58, C(month−1)=1.348)
86.05 3.9 0.59 0.14 3.74 1.68
88.24 51.6 0.59 0.29 9.64
91.32 35.0 0.07 0.08 0.44
91.67 39.4 0.09 0.04 0.86
G30.780+0.230 (MJDs=55018, Ts= 1292, No=50, C(month−1)=1.155)
47.67 1.4 0.25 0.05 1.17 1.74
48.46 5.1 0.17 0.11 1.96
48.90 16.4 0.17 0.12 2.30
G30.788+0.204 (MJDs=55018, Ts= 1292, No=50, C(month−1)=1.155)
75.91 7.7 0.37 0.15 3.29 1.74
76.26 5.6 0.49 0.33 10.87
77.19 2.6 0.33 0.14 2.98
79.25 0.7 0.22 0.16 0.72
84.73 6.4 0.29 0.12 2.59
85.08 7.2 0.53 0.32 10.72
86.14 6.8 0.32 0.12 2.67
87.28 9.0 0.28 0.11 2.26
89.65 1.2 0.46 0.37 5.52
G30.818−0.057 (MJDs=55014, Ts= 1303, No=64, C(month−1)=1.448)
88.25 1.9 0.87 1.44 103.85 1.64
91.72 15.5 0.79 0.46 21.68
93.17 5.4 0.12 0.06 0.85
101.33 7.9 0.14 0.06 0.78
108.14 6.4 0.22 0.04 1.24
109.10 12.1 0.45 0.22 5.62
G30.898+0.161 (MJDs=55019, Ts= 1301, No=60, C(month−1)=1.380)
99.08 13.0 0.09 0.04 0.85 1.67
100.27 28.8 0.15 0.06 1.36
101.80 53.2 0.03 0.08 0.40
102.99 38.7 0.07 0.06 0.66
107.20 13.2 0.04 0.08 0.40
G31.047+0.356 (MJDs=55013, Ts= 1299, No=45, C(month−1)=1.148)
79.11 1.8 0.14 0.10 0.57 1.79
80.61 3.7 0.16 0.05 1.38
82.89 3.1 0.64 0.35 9.80
G31.059+0.093 (MJDs=55016, Ts= 1376, No=61, C(month−1)=1.327)
15.81 6.1 0.68 0.48 22.04 1.66
16.46 13.5 0.29 0.17 3.79
19.80 1.0 0.24 0.09 1.19
G31.158+0.046 (MJDs=55016, Ts= 1327, No=43, C(month−1)=0.963)
41.00 2.0 0.42 0.08 1.69 1.81
47.98 1.2 0.59 0.14 2.21
G31.281+0.061 (MJDs=55016, Ts= 1394, No=53, C(month−1)=1.135)
106.01 16.7 0.09 0.03 0.95 1.72
107.15 23.5 0.10 0.04 0.87
110.22 59.5 0.05 0.08 0.35
110.97 31.2 0.06 0.07 0.47
111.58 21.9 0.01 0.09 0.28
112.28 24.7 0.06 0.07 0.45
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Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G31.412+0.307 (MJDs=55016, Ts= 1394, No=46, C(month−1)=0.982)
92.21 9.0 0.07 0.07 0.57 1.78
95.76 14.4 0.03 0.08 0.39
99.01 2.7 0.11 0.10 0.73
103.49 10.6 0.10 0.03 0.90
G31.581+0.077 (MJDs=55021, Ts= 1298, No=66, C(month−1)=1.524)
95.54 4.1 0.33 0.13 2.78 1.63
98.83 6.8 0.31 0.15 3.26
99.53 3.7 0.45 0.23 5.69
G32.045+0.059 (MJDs=55022, Ts= 1388, No=61, C(month−1)=1.315)
92.63 85.2 0.36 0.16 3.67 1.66
94.12 18.1 0.74 0.43 19.06
94.82 25.3 0.72 0.47 23.24
95.43 9.2 0.17 0.07 1.40
98.33 64.9 0.06 0.08 0.35
99.52 7.8 0.13 0.07 1.22
100.88 31.5 0.33 0.17 4.04
101.14 33.3 0.18 0.08 1.63
G32.744−0.076 (MJDs=55005, Ts= 1329, No=805, C(month−1)=18.436)
30.25 14.7 0.18 0.06 0.66 1.16
32.05 31.7 0.27 0.01 0.99
33.41 30.2 0.27 0.07 1.47
38.46 41.3 0.17 0.06 0.60
39.11 14.6 0.24 0.07 0.52
G32.992+0.034 (MJDs=55026, Ts= 1290, No=62, C(month−1)=1.439)
90.12 3.2 0.20 0.10 1.74 1.65
90.56 4.0 0.12 0.05 0.90
90.96 5.1 0.42 0.27 7.39
91.83 8.4 0.11 0.07 0.59
G33.093−0.073 (MJDs=55015, Ts= 1323, No=83, C(month−1)=1.887)
95.65 1.8 0.00 0.06 1.71 1.55
97.00 1.3 0.35 0.13 1.95
102.19 3.7 0.42 0.35 7.21
102.76 4.8 0.46 0.33 7.92
103.90 12.0 0.07 0.07 0.63
105.87 1.8 0.10 0.55 8.30
G33.133−0.092 (MJDs=55015, Ts= 1323, No=83, C(month−1)=1.887)
73.13 10.8 0.27 0.07 1.26 1.55
73.64 7.2 0.25 0.13 1.00
74.31 5.7 0.35 0.12 1.26
G33.393+0.010 (MJDs=55010, Ts= 1377, No=62, C(month−1)=1.348)
97.84 5.7 0.13 0.06 1.13 1.65
98.50 6.4 0.22 0.07 1.97
101.14 1.9 0.30 0.07 1.55
102.19 1.9 0.13 0.10 0.57
104.21 5.0 0.28 0.13 2.86
105.18 18.1 0.05 0.07 0.54
G33.641−0.228 (MJDs=55010, Ts= 1335, No=133, C(month−1)=3.009)
58.87 29.4 0.70 0.41 17.30 1.42
59.57 35.4 0.92 1.16 134.37
60.27 121.2 0.31 0.11 2.21
60.84 38.3 0.28 0.13 2.76
62.60 14.5 0.25 0.10 1.86
63.08 11.4 0.29 0.13 2.56
G33.980−0.019 (MJDs=55015, Ts= 1290, No=46, C(month−1)=1.062)
59.04 2.0 0.56 0.18 3.11 1.78
61.28 1.6 0.06 0.12 0.72
64.09 1.1 0.49 0.07 2.09
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G34.096+0.018 (MJDs=55011, Ts= 1398, No=49, C(month−1)=1.045)
55.15 1.5 0.45 0.43 6.85 1.75
56.00 4.5 0.18 0.07 1.43
61.17 1.8 0.33 0.17 2.78
G34.245+0.134 (MJDs=55031, Ts= 1379, No=51, C(month−1)=1.104)
54.91 4.4 0.23 0.05 1.07 1.73
56.89 3.7 0.18 0.13 2.17
57.59 18.8 0.23 0.11 2.17
61.10 4.1 0.38 0.24 5.22
G34.396+0.222 (MJDs=55015, Ts= 1391, No=54, C(month−1)=1.160)
55.62 20.4 0.24 0.13 2.72 1.71
62.43 3.1 0.15 0.04 0.91
G34.751−0.093 (MJDs=55017, Ts= 1294, No=47, C(month−1)=1.082)
51.86 1.5 0.39 0.30 4.99 1.77
52.51 3.1 0.37 0.25 5.85
53.18 4.3 0.27 0.13 2.64
G34.791−1.387 (MJDs=55014, Ts= 1318, No=52, C(month−1)=1.178)
44.09 6.9 0.05 0.09 0.35 1.72
44.80 8.9 0.10 0.05 0.77
46.24 11.2 0.03 0.08 0.35
46.94 11.2 0.09 0.03 0.98
47.38 10.4 0.10 0.03 0.95
G35.025+0.350 (MJDs=55009, Ts= 1323, No=45, C(month−1)=1.012)
42.20 2.3 0.10 0.13 0.57 1.79
43.90 10.8 0.08 0.04 0.93
44.33 18.8 0.15 0.08 1.76
46.35 3.2 0.24 0.18 3.30
G35.197−0.743 (MJDs=55006, Ts= 1398, No=47, C(month−1)=1.001)
28.48 130.0 0.15 0.05 1.28 1.77
29.14 47.4 0.06 0.07 0.47
29.89 50.8 0.04 0.08 0.40
33.36 20.7 0.08 0.05 0.76
35.42 29.6 0.09 0.06 0.66
36.56 10.7 0.56 0.35 12.37
G35.200−1.736 (MJDs=55008, Ts= 1389, No=60, C(month−1)=1.293)
40.91 68.7 0.59 0.49 24.94 1.67
41.44 69.2 0.76 0.63 40.34
42.36 144.7 0.64 0.55 31.71
42.93 53.4 0.23 0.19 4.39
43.63 103.4 0.30 0.24 6.92
44.47 229.2 0.49 0.43 19.19
G35.793−0.175 (MJDs=55006, Ts= 1305, No=56, C(month−1)=1.283)
58.74 1.8 0.69 0.68 19.79 1.69
59.92 3.0 0.28 0.15 2.54
60.71 17.8 0.16 0.05 1.21
61.41 9.2 0.36 0.22 5.49
61.86 9.4 0.39 0.21 5.12
G36.115+0.552 (MJDs=55006, Ts= 1325, No=68, C(month−1)=1.539)
70.38 9.2 0.05 0.08 0.47 1.62
71.70 6.3 0.16 0.07 1.51
72.84 15.8 0.40 0.25 7.11
74.55 8.5 0.26 0.13 2.66
81.36 4.0 0.53 0.25 5.60
82.15 4.5 0.66 0.52 19.21
83.86 5.0 0.59 0.39 15.01
G36.705+0.096 (MJDs=55008, Ts= 1303, No=49, C(month−1)=1.121)
53.09 3.5 0.38 0.18 3.05 1.75
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Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
55.15 1.9 0.77 0.76 25.25
62.09 2.0 0.60 0.29 4.81
G37.030−0.038 (MJDs=55014, Ts= 1298, No=55, C(month−1)=1.266)
78.52 4.7 0.32 0.18 3.99 1.70
80.14 8.8 0.12 0.01 1.00
81.59 3.0 0.48 0.26 5.37
83.70 4.4 0.30 0.08 1.68
84.71 5.5 0.13 0.07 0.62
G37.430+1.518 (MJDs=55029, Ts= 1358, No=67, C(month−1)=1.479)
41.14 287.3 0.38 0.14 2.97 1.62
G37.479−0.105 (MJDs=55018, Ts= 1371, No=69, C(month−1)=1.510)
53.80 2.8 0.72 0.55 20.44 1.61
54.64 3.0 0.76 0.55 23.36
56.79 5.3 0.32 0.12 3.26
58.37 5.3 0.36 0.13 3.49
59.33 4.2 0.31 0.06 2.58
61.18 5.1 0.31 0.11 3.09
62.45 6.1 0.27 0.08 2.34
G37.554+0.201 (MJDs=55602, Ts= 737, No=58, C(month−1)=2.354)
79.62 1.5 0.47 0.18 2.02 1.68
83.70 5.5 0.53 0.28 8.18
84.49 2.6 0.43 0.23 4.85
84.84 3.9 0.39 0.21 4.91
86.33 2.1 0.38 0.14 2.81
87.78 0.7 0.66 0.90 10.56
G37.598+0.425 (MJDs=55020, Ts= 1317, No=84, C(month−1)=1.918)
85.80 6.7 0.50 0.26 7.63 1.55
87.12 16.7 0.46 0.23 6.03
88.66 2.5 0.44 0.12 2.83
91.07 1.2 0.74 0.64 13.53
G38.038−0.300 (MJDs=55012, Ts= 1298, No=59, C(month−1)=1.360)
55.62 6.2 0.16 0.05 1.27 1.67
57.25 6.1 0.16 0.08 1.62
58.13 5.5 0.35 0.24 6.37
G38.119−0.229 (MJDs=55020, Ts= 1302, No=54, C(month−1)=1.239)
69.09 1.2 0.58 0.39 7.56 1.71
70.37 3.9 0.25 0.14 3.03
77.43 0.8 0.30 0.21 1.89
79.24 2.1 0.26 0.09 1.64
G38.203−0.067 (MJDs=55020, Ts= 1241, No=61, C(month−1)=1.472)
78.34 1.5 0.12 0.22 2.19 1.66
79.74 7.9 0.44 0.24 6.10
80.49 4.5 0.29 0.12 2.14
81.85 2.5 0.23 0.06 1.13
84.22 5.6 0.47 0.32 9.18
G38.258−0.074 (MJDs=55012, Ts= 1312, No=46, C(month−1)=1.044)
14.48 2.9 0.05 0.13 0.70 1.78
15.40 7.5 0.11 0.01 0.91
G39.100+0.491 (MJDs=55007, Ts= 1304, No=62, C(month−1)=1.424)
14.63 5.8 0.40 0.29 8.61 1.65
15.81 19.3 0.12 0.06 1.32
17.62 7.5 0.35 0.19 4.40
25.60 1.3 0.24 0.08 1.33
28.72 1.1 0.27 0.12 0.89
G40.282−0.219 (MJDs=55014, Ts= 1304, No=53, C(month−1)=1.214)
71.00 9.8 0.12 0.03 1.03 1.72
72.50 4.7 0.21 0.12 2.20
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
74.34 19.1 0.10 0.04 0.81
77.76 5.6 0.49 0.37 12.72
80.00 6.0 0.11 0.06 0.80
83.52 4.6 0.24 0.10 2.05
G40.425+0.700 (MJDs=55023, Ts= 1286, No=61, C(month−1)=1.420)
5.50 2.4 0.17 0.09 1.06 1.66
6.64 2.9 0.37 0.14 2.29
7.26 1.8 0.28 0.08 1.17
8.49 1.9 0.10 0.13 0.61
10.46 3.7 0.06 0.07 0.55
11.52 4.1 0.18 0.12 1.93
14.24 6.7 0.09 0.06 0.58
14.81 5.8 0.10 0.04 0.79
15.56 17.9 0.09 0.06 0.67
15.91 13.8 0.06 0.06 0.60
G40.622−0.138 (MJDs=55019, Ts= 1303, No=51, C(month−1)=1.168)
30.05 0.8 0.29 0.14 1.27 1.73
31.10 10.7 0.15 0.07 1.56
36.10 1.0 0.30 0.10 1.47
G41.348−0.136 (MJDs=55018, Ts= 1294, No=50, C(month−1)=1.152)
7.09 2.8 0.13 0.09 0.98 1.74
8.45 2.2 0.06 0.11 0.50
11.74 13.6 0.10 0.04 0.88
12.93 4.6 0.08 0.10 0.48
G42.034+0.190 (MJDs=55018, Ts= 1294, No=53, C(month−1)=1.223)
7.88 4.7 0.09 0.05 0.84 1.72
10.65 5.1 0.12 0.03 0.91
11.53 6.6 0.07 0.07 0.57
12.85 20.0 0.06 0.06 0.64
G42.304−0.299 (MJDs=55018, Ts= 1304, No=57, C(month−1)=1.307)
28.06 4.6 0.24 0.14 2.57 1.69
G43.038−0.453 (MJDs=55021, Ts= 1298, No=53, C(month−1)=1.220)
54.76 5.1 0.11 0.07 0.72 1.72
55.46 1.8 0.43 0.29 4.05
56.25 1.7 0.19 0.04 0.86
56.91 1.5 0.14 0.05 0.92
61.34 0.8 0.63 0.98 15.56
62.53 1.2 0.26 0.15 0.82
G43.074−0.077 (MJDs=55018, Ts= 1301, No=54, C(month−1)=1.240)
10.16 6.6 0.13 0.07 1.17 1.71
G43.149+0.013 (MJDs=55015, Ts= 1318, No=57, C(month−1)=1.293)
8.29 12.6 0.02 0.09 0.21 1.69
9.26 29.3 0.02 0.09 0.25
13.25 15.2 0.07 0.06 0.70
18.92 18.9 0.03 0.09 0.23
19.53 10.2 0.02 0.09 0.29
20.36 8.8 0.07 0.06 0.62
21.90 3.2 0.29 0.10 1.52
G43.795−0.127 (MJDs=55007, Ts= 1334, No=62, C(month−1)=1.392)
39.60 29.1 0.07 0.05 0.77 1.65
40.30 31.3 0.02 0.08 0.42
43.07 13.6 0.00 0.09 0.22
G43.890−0.784 (MJDs=55006, Ts= 1315, No=76, C(month−1)=1.736)
43.14 2.3 0.25 0.12 2.01 1.58
47.88 8.0 0.28 0.13 2.77
51.79 7.5 0.21 0.08 1.67
52.41 2.6 0.18 0.04 1.18
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Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G45.071+0.132 (MJDs=55006, Ts= 1331, No=65, C(month−1)=1.463)
57.76 39.2 0.05 0.08 0.44 1.64
G45.467+0.053 (MJDs=55006, Ts= 1335, No=56, C(month−1)=1.254)
49.96 1.0 0.48 0.31 3.66 1.69
56.04 3.3 0.34 0.12 2.28
56.48 2.9 0.18 0.03 1.17
57.41 3.3 0.23 0.11 1.99
58.11 2.7 0.20 0.04 1.29
G45.473+0.134 (MJDs=55005, Ts= 1334, No=68, C(month−1)=1.529)
57.19 6.6 0.10 0.06 0.69 1.62
59.60 2.3 0.77 0.57 20.96
62.23 1.9 0.22 0.12 0.95
64.29 1.7 0.57 0.25 3.86
65.74 4.2 0.36 0.17 3.41
G45.804−0.356 (MJDs=55005, Ts= 1264, No=89, C(month−1)=2.119)
59.90 14.1 0.44 0.20 4.91 1.53
69.25 2.3 0.35 0.07 1.79
G49.265+0.311 (MJDs=55005, Ts= 1322, No=81, C(month−1)=1.842)
−5.66 4.2 0.25 0.08 1.47 1.56
−5.09 6.8 0.40 0.21 4.65
−4.69 6.2 0.29 0.06 1.72
−3.20 7.1 0.31 0.13 2.45
−2.10 1.6 0.27 0.05 1.05
6.77 1.3 0.02 0.06 1.14
G49.349+0.413 (MJDs=55011, Ts= 1378, No=73, C(month−1)=1.590)
67.30 1.5 0.36 0.15 0.70 1.59
68.00 6.3 0.19 0.08 1.36
68.66 3.5 0.13 0.08 0.77
G49.416+0.326 (MJDs=55012, Ts= 1326, No=124, C(month−1)=2.823)
−26.63 2.0 0.69 0.07 2.29 1.44
−25.71 2.2 0.54 0.11 2.07
−14.78 2.4 0.44 0.20 4.28
−13.51 3.6 0.55 0.20 4.99
−12.06 6.8 0.35 0.12 2.64
−11.09 2.4 0.33 0.04 1.53
G49.482−0.402 (MJDs=55011, Ts= 1331, No=90, C(month−1)=2.035)
51.75 29.7 0.28 0.14 2.99 1.53
56.14 20.0 0.45 0.21 5.61
57.85 93.2 0.51 0.34 12.35
59.26 592.3 0.22 0.11 2.27
G49.599−0.249 (MJDs=55012, Ts= 1261, No=113, C(month−1)=2.703)
62.33 17.9 0.59 0.46 21.39 1.46
63.29 23.6 0.34 0.27 8.42
64.04 14.3 0.27 0.14 3.26
65.01 20.7 0.25 0.06 1.43
65.62 13.2 0.11 0.05 0.82
G50.779+0.152 (MJDs=55014, Ts= 1329, No=80, C(month−1)=1.809)
49.01 4.1 0.47 0.23 4.83 1.56
G52.199+0.723 (MJDs=55010, Ts= 1307, No=90, C(month−1)=2.073)
2.40 0.8 0.50 0.17 0.93 1.53
3.19 4.2 0.43 0.22 5.58
3.68 2.5 0.59 0.26 6.33
G52.663−1.092 (MJDs=55007, Ts= 1334, No=139, C(month−1)=3.149)
65.13 4.3 0.46 0.16 3.17 1.41
65.83 4.1 0.41 0.22 4.14
66.54 1.5 0.58 0.55 10.00
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G53.618+0.035 (MJDs=55009, Ts= 1312, No=98, C(month−1)=2.250)
18.56 2.9 0.65 0.36 10.24 1.50
18.87 4.8 0.52 0.24 6.54
G58.775+0.644 (MJDs=55014, Ts= 1317, No=135, C(month−1)=3.097)
33.21 5.3 0.28 0.13 2.29 1.42
34.83 1.6 0.27 0.09 1.32
35.49 2.7 0.33 0.16 2.12
G59.783+0.065 (MJDs=55009, Ts= 1336, No=137, C(month−1)=3.098)
15.47 16.4 0.37 0.21 5.52 1.42
17.10 10.5 0.43 0.22 5.09
19.12 15.3 0.50 0.25 6.75
19.77 39.0 0.81 0.73 53.36
24.65 10.3 0.44 0.23 5.98
27.02 42.5 0.10 0.07 0.50
G59.833+0.672 (MJDs=55009, Ts= 1321, No=150, C(month−1)=3.433)
36.38 5.0 0.58 0.30 8.05 1.40
37.08 8.7 0.54 0.29 8.81
38.14 17.8 0.17 0.03 0.88
G60.575−0.187 (MJDs=55005, Ts= 1338, No=147, C(month−1)=3.321)
3.16 1.2 0.45 0.04 1.11 1.40
3.64 6.0 0.27 0.05 1.47
G69.540−0.976 (MJDs=55009, Ts= 1338, No=264, C(month−1)=5.983)
−0.05 11.6 0.30 0.09 1.73 1.29
1.09 2.9 0.53 0.06 1.61
14.62 79.2 0.29 0.10 1.95
G70.181+1.742 (MJDs=55008, Ts= 1380, No=178, C(month−1)=3.904)
−26.46 4.6 0.48 0.23 5.14 1.36
−24.70 4.0 0.44 0.25 5.72
G71.522−0.385 (MJDs=55008, Ts= 1333, No=190, C(month−1)=4.316)
10.22 4.2 0.22 0.05 1.37 1.35
10.74 3.7 0.31 0.03 1.30
G73.06+1.80 (MJDs=55008, Ts= 1330, No=215, C(month−1)=4.897)
−2.59 3.7 0.74 0.47 17.39 1.32
5.93 1.4 0.71 0.49 9.57
G75.782+0.343 (MJDs=55005, Ts= 1334, No=233, C(month−1)=5.293)
−9.48 2.3 0.86 1.05 66.15 1.31
−2.68 48.0 0.20 0.08 1.70
−1.98 4.3 0.62 0.38 13.46
−1.58 3.5 0.34 0.14 2.69
−0.44 6.5 0.40 0.18 4.14
0.09 14.9 0.23 0.11 2.19
0.61 22.5 0.37 0.13 2.63
G78.122+3.633 (MJDs=55007, Ts= 1335, No=300, C(month−1)=6.817)
−8.38 2.9 0.68 0.44 13.76 1.27
−7.72 19.5 0.75 0.67 44.95
−6.67 20.9 0.75 0.45 20.89
−6.14 33.8 0.35 0.10 2.04
−5.13 2.8 0.70 0.61 23.73
G79.736+0.990 (MJDs=55006, Ts= 1399, No=229, C(month−1)=4.960)
−5.54 20.7 0.15 0.05 0.75 1.31
−3.95 4.9 0.23 0.04 1.06
−3.17 1.8 0.23 0.11 1.38
G80.861+0.383 (MJDs=55011, Ts= 1333, No=231, C(month−1)=5.250)
−11.12 0.9 0.75 0.92 17.19 1.31
−4.01 5.0 0.59 0.29 8.43
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Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
G81.871+0.781 (MJDs=55005, Ts= 1335, No=284, C(month−1)=6.453)
3.42 54.4 0.32 0.11 2.19 1.28
4.03 146.3 0.38 0.14 3.06
4.56 233.4 0.22 0.02 1.02
5.13 97.4 0.15 0.03 0.88
5.75 80.5 0.16 0.04 0.85
7.20 246.9 0.22 0.07 1.44
9.39 22.3 0.50 0.25 7.27
G85.410+0.003 (MJDs=55005, Ts= 1336, No=276, C(month−1)=6.267)
−31.60 6.6 0.25 0.10 1.96 1.28
−29.54 91.8 0.28 0.15 3.15
−28.53 36.2 0.53 0.35 11.40
G90.921+1.487 (MJDs=55005, Ts= 1337, No=354, C(month−1)=8.039)
−70.41 23.5 0.50 0.28 8.79 1.25
−69.23 18.0 0.59 0.33 11.40
G94.602−1.796 (MJDs=55008, Ts= 1331, No=367, C(month−1)=8.371)
−43.58 3.5 0.66 0.36 11.93 1.24
−43.14 3.3 0.38 0.13 2.40
−42.66 3.6 0.40 0.15 2.74
−40.86 4.9 0.53 0.22 5.35
G108.184+5.519 (MJDs=55007, Ts= 1335, No=369, C(month−1)=8.389)
−12.92 4.7 0.36 0.14 2.95 1.24
−10.98 39.5 0.18 0.06 1.40
−10.28 13.2 0.34 0.13 2.79
G109.871+2.114 (MJDs=55007, Ts= 1339, No=388, C(month−1)=8.795)
−4.71 24.4 0.75 0.58 34.62 1.24
−4.10 233.3 0.32 0.12 2.54
−3.70 203.2 0.45 0.23 6.45
−2.56 363.0 0.47 0.20 5.14
−1.81 113.5 0.26 0.05 1.30
G111.256−0.770 (MJDs=55007, Ts= 1339, No=373, C(month−1)=8.455)
−41.18 1.2 0.67 0.54 11.64 1.24
−38.90 3.7 0.74 0.41 15.57
−37.84 2.4 0.84 0.77 46.02
−36.79 2.3 0.68 0.38 9.94
G111.542+0.777 (MJDs=55007, Ts= 1339, No=374, C(month−1)=8.478)
−61.35 80.6 0.21 0.12 2.31 1.24
−60.73 124.1 0.09 0.07 0.51
−58.10 141.9 0.21 0.08 1.61
−57.31 91.5 0.11 0.05 0.70
−56.03 117.8 0.23 0.10 1.99
−52.83 3.3 0.51 0.13 2.44
−50.11 2.6 0.71 0.31 7.07
−48.83 7.5 0.73 0.30 9.32
−48.31 7.6 0.67 0.27 7.67
G121.298+0.659 (MJDs=55012, Ts= 1334, No=336, C(month−1)=7.642)
−24.16 1.2 0.76 0.62 14.02 1.26
−23.41 8.8 0.42 0.21 5.01
−22.52 5.3 0.58 0.22 5.21
G123.066−6.309 (MJDs=55009, Ts= 1337, No=373, C(month−1)=8.467)
−35.51 2.0 0.68 0.47 10.65 1.24
−29.36 43.2 0.75 0.31 10.36
−28.18 6.4 0.77 0.40 13.62
G136.845+1.167 (MJDs=55007, Ts= 1339, No=324, C(month−1)=7.340)
−45.14 9.7 0.49 0.23 6.03 1.26
G173.482+2.446 (MJDs=55007, Ts= 1339, No=365, C(month−1)=8.277)
−13.96 11.5 0.22 0.08 1.66 1.24
Table 2 – continued
Vp (km s−1) S p (Jy) VI FI χ2r χ299.9%
−13.03 46.7 0.13 0.04 0.87
−11.54 3.6 0.27 0.06 1.29
−6.45 1.8 0.17 0.13 1.78
G183.348−0.575 (MJDs=55005, Ts= 1341, No=305, C(month−1)=6.898)
−15.20 3.8 0.61 0.32 9.35 1.27
−14.68 4.9 0.36 0.17 3.60
−4.89 9.7 0.58 0.22 5.50
G188.794+1.031 (MJDs=55027, Ts= 1314, No=260, C(month−1)=5.999)
−5.54 5.6 0.54 0.28 8.42 1.29
−5.15 1.1 0.60 0.85 25.14
G188.946+0.886 (MJDs=55027, Ts= 1314, No=321, C(month−1)=7.436)
8.45 7.5 0.26 0.11 2.09 1.26
9.64 32.0 0.25 0.08 1.57
10.78 619.3 0.25 0.09 1.79
11.53 15.3 0.55 0.25 7.11
G189.030+0.784 (MJDs=55027, Ts= 1314, No=290, C(month−1)=6.693)
8.85 12.6 0.35 0.10 2.03 1.28
9.64 7.4 0.34 0.09 1.88
10.74 4.2 0.77 0.29 8.38
G192.600−0.048 (MJDs=55032, Ts= 1309, No=331, C(month−1)=7.671)
4.03 14.2 0.23 0.05 1.23 1.26
4.56 72.8 0.29 0.12 2.55
5.39 53.6 0.30 0.10 1.97
G196.454−1.677 (MJDs=55031, Ts= 1310, No=304, C(month−1)=7.043)
14.69 12.6 0.56 0.32 10.79 1.27
15.13 16.9 0.45 0.23 6.13
15.83 9.3 0.79 0.61 35.89
G232.620+0.996 (MJDs=55006, Ts= 1335, No=308, C(month−1)=7.022)
21.59 8.1 0.46 0.24 5.74 1.27
22.30 44.8 0.34 0.17 3.95
22.82 152.2 0.24 0.11 2.14
23.53 3.2 0.17 0.07 0.73
The features at 101.72, 102.90 and 103.95 km s−1 exhibited syn-
chronous and anti-correlated variations (Section 3.5).
G23.484+0.097. All the features showed little or no variation ex-
cept for the feature 86.95 km s−1 which decreased by a factor of
2.5.
G23.707−0.198. The emission in the entire velocity range of
72.55−82.80 km s−1 showed very complex variations including ap-
parent velocity drifts and bursts of several features (Section 3.4).
G24.148−0.009. The strongest features at 17.42 and 17.68 km s−1
showed regular low-amplitude (∼20 per cent) variations in flux den-
sity with a period of ∼175 d. The feature at 19.26 km s−1exhibited
the same variability pattern.
G24.329+0.144. This source is highly variable (Section 3.4). All
the features experienced strong flares lasting 200−400 d (Sec-
tion 3.6).
G24.494−0.038. The emission at velocities higher than
114.5 km s−1 was significantly variable. The feature at
114.97 km s−1 exponentially rose from 7 to 25 Jy with a character-
istic time of 330±40 d and the shoulder at 115.5 km s−1 declined
from 4.3 to 1.3 Jy.
G24.541+0.312. The features at velocities lower than
109.60 km s−1 have high variability indices. The feature at
105.54 km s−1 with an initial flux density of ∼11 Jy dropped to
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∼1 Jy after 880 d. The strongest feature at velocity 106.91 km s−1
of 9−15 Jy peak showed irregular variations and rapidly decreased
after 880 d then remained nearly constant at a level of 6 Jy. The
emission at 108.53 km s−1 displayed flare behaviour with a rise
time of about 310 d and a decay time of 930 d. The feature at
109.93 km s−1 was constant to within the noise.
G24.634−0.324. All but the 35.51 km s−1 feature were strongly
variable with different patterns (Section 3.4).
G24.790+0.083. This is very crowded site and hence the profile
is largely a blend of the emission from four sources (Breen et al.
2015). The unblended features were not variable.
G25.411+0.105. The two major features showed variability with a
period of ∼245 d (Szymczak et al. 2015).
G25.650+1.049. The main feature at 41.79 km s−1 showed a de-
creasing trend from ∼120 to ∼95 Jy with a flare at ∼MJD 55655.
The other features were not variable.
G25.826−0.178. The features at 90.75, 91.59 and 93.83 km s−1
showed flaring variability with the same pattern. The emission at
velocities higher than 95 km s−1 is complex and showed uncorre-
lated variations (Section 3.4).
G26.527−0.267. The emission at velocities lower than 109 km s−1
was not significantly variable. The feature at 109.55 km s−1 showed
evidence of ’flickering’ which was not fully sampled with the aver-
age cadence of 3 weeks. This feature is weak but its variation is not
due to calibration errors since the strongest feature at 104.19 km s−1
and the other features did not show similar behaviour (Fig. 8). The
overall spectrum of the source reported in Breen et al. (2015) is
completely different from ours; the flux density in the velocity
range of 102−105 km s−1 increased by a factor of 5 after 2−3 years.
It is not clear whether a faint feature at 115.00 km s−1 is a side-lobe
response of nearby source G26.601−0.221.
G26.598−0.024. This source shows weak variation, except for the
emission near 23.88 km s−1 which decreased from 8 to 2 Jy and
is probably a blend of two features separated from each other by
∼0.17 km s−1 (Section 3.7).
G26.601−0.221. The feature at 103.25 km s−1 initially had a flux
density of 8.5 Jy and dropped to ∼5.2 Jy during ∼210 d then re-
mained constant over 2.1 yr and then decreased to ∼3 Jy at the
end of our monitoring. The feature at 103.78 km s−1 showed a
sinusoidal-like variation of ∼3 yr period and ∼4 Jy amplitude. The
emission near 114.97 km s−1 decreased from 8 to 5 Jy and showed
evidence for a velocity drift of ∼0.12 km s−1 (Section 3.7).
G27.221+0.136. The highly variable feature at 115.49 km s−1 in-
creased from 1 to 7.5 Jy, while the feature at 117.11 km s−1 de-
creased from 7 to 2 Jy. Similar anti-correlated variations appear for
strongly blended emission near 117.77 and 118.30 km s−1; the for-
mer feature increased from 12.5 to 9 Jy, whereas the latter feature
decreased from 10 to 15 Jy. This synchronised and anti-correlated
behaviour was seen over the entire observing period (Section 3.5).
G27.286+0.151. No significant variations were seen, except for
weak emission at 36.31 km s−1. The features near 24 and 28 km s−1
reported in Breen et al. (2015) are omitted due to interference.
G27.365−0.166. Most of the features were not variable. The excep-
tion is the feature at 100.72 km s−1 which linearly increased from
21 to 34 Jy.
G28.011−0.426. The source was relatively weak and the flux den-
sity variations were dominated by noise.
G28.282−0.359. The strongest feature at 41.32 km s−1 showed lit-
tle variation.
G28.305−0.387. All the features were variable. The emission at
79.77 km s−1 showed ’flickering’ with an amplitude of 6−25 Jy un-
til MJD 55940, and at several epochs it dropped below the sensitiv-
ity limit of 0.8 Jy (Section 3.6). A similar ’flickering’ pattern but of
low (∼2 Jy) amplitude and with a quiescent state higher than 4 Jy
was seen for the feature 82.93 km s−1. The features at 81.30 and
81.83 km s−1 decreased from 38 to 7 Jy and from 34 to 22 Jy, re-
spectively. These features may be blended and the apparent veloc-
ity drift is about 0.17 km s−1 (Section 3.7). The features at 92.54
and 93.82 km s−1 experienced a weak (∼4−5 Jy) flare of relatively
flat profile with a maximum near MJD 55540.
G28.832−0.253. The major features showed moderate variations.
G29.863−0.044. The strongest features at 100.28, 101.38 and
101.81 km s−1 showed correlated, low (∼20 per cent) amplitude
variations with a period of ∼250 d from MJD 55410 to 55950. The
feature at 95.89 km s−1 is a side-lobe response of nearby source
G29.955−0.016 (Breen et al. 2015).
G29.955−0.016. The strongest feature at 95.88 km s−1 was not
variable. The emission at velocities higher than 96.5 km s−1 is con-
fused with a side-lobe response from G29.978−0.047 (Breen et al.
2015).
G30.198−0.169. The emission from this site was significantly vari-
able. The emission ranging from 107.7 to 108.8 km s−1 generally
increases and shows small (3−4 Jy) amplitude fluctuations. The
emission at velocities higher than 109.8 km s−1 comes from the
nearby source G30.225−0.180 (Bartkiewicz et al. 2016).
G30.317+0.070. A new feature appeared at 30.28 km s−1 reach-
ing ∼2.5 Jy at the end of the monitoring period. The emission near
35.20 km s−1 was constant (∼5 Jy) before MJD ∼55670 then started
to diminish by a factor of 2.5 at the end of the observations. The
emission at velocities higher than 35.8 km s−1 showed no variation.
G30.400−0.296. The emission in the velocity range of
104.5−105.3 km s−1 showed cyclic variations with a period
of 200 d. These periodic variations are less pronounced for the
features at 98.11 and 100.31 km s−1. The emission in the velocity
range 102.1−103.2 km s−1 may be contaminated by that from
G30.419−0.232 (Breen et al. 2015).
G30.703−0.068 andG30.760−0.052. The features of these sources
are spatially blended with our 5.′8 beam and share the velocity range
from 85.8 to 92.8 km s−1 (Breen et al. 2015) so that their variability
indices are less reliable.
G30.780+0.230. The source is weakly variable. Synchronised vari-
ations with similar relative amplitude appeared at all the features.
The source is discarded from further analysis because of the large
pointing offset.
G30.788+0.204. The emission from 75.6 to 77.5 km s−1 is prob-
ably a superposition of several features of significant variability.
Two variable features at 84.73 and 85.08 km s−1 decreased from
10 to 2 Jy and increased from 5 to 11 Jy, respectively. A feature at
89.65 km s−1 marginally detected near MJD 55250 increased up to
2.4 Jy at the end of our monitoring.
G30.818−0.057 and G30.822−0.053. The emission in the velocity
range of 99.3−110.2 km s−1 comes from G30.818−0.057 (Breen
et al. 2015) and was not variable with the exception of feature
109.10 km s−1 which showed a monotonic increase from 7 to 16 Jy.
In G30.822−0.053 the 93.17 km s−1 feature was constant within
our accuracy. Features near 88.20, 91.28 and 91.72 km s−1 flick-
ered at MJD 55220, 55553, 55785 and 56301 with amplitudes usu-
ally higher than 10 Jy (Section 3.6).
G31.047+0.356. The emission near 82.8 km s−1 was nearly con-
stant but the peak velocity drifted by −0.15 km s−1 (Section 3.7).
G31.059+0.093. All the features in the spectrum experienced a
flare lasting ∼650 d with a maximum near MJD 55642.
G31.581+0.077. The source showed moderate variability with a
flare near MJD 55340 with the relative amplitude of 0.5.
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G32.045+0.059. The source had stable and highly variable fea-
tures. The feature at 92.63 km s−1 was moderately variable,
whereas those at 94.12 and 94.82 km s−1 flared near MJD 55760.
The emission from 95.2 to 100.0 km s−1 remained constant. The
features at 100.88 and 101.14 km s−1 gradually increased before
MJD 55760 then remained stable.
G32.744−0.076. The feature at 33.41 km s−1 exhibited moderate
modulation of the flux density, but the remainder showed little or
no variation to within the measurement accuracy of about 8−10 per
cent (Szymczak et al. 2014).
G32.992+0.034. The source does not show significant variability,
except for the feature 90.96 km s−1 for which the flux density ex-
ponentially increases from 3 to 8 Jy with a periodic (∼370 d) and
low amplitude modulation.
G33.093−0.073. The spectrum is complex and variable. Weak
(<4 Jy) emission in the velocity range from 94.5 to 99.5 km s−1
showed little variation. The features at 102.19 and 102.76 km s−1
gradually increased and the latter peaked at ∼MJD 56122. The
emission near 105.87 km s−1 flared for ∼500 d with a maximum
at ∼MJD 56030.
G33.133−0.092. This source showed a low amplitude, apparently
quasi-periodic variation. However, the variability indices indicate
that the source was not variable to within the noise.
G33.393+0.010. The shoulder near 104.21 km s−1 decreased by a
factor of 1.7. The rest of the features were not variable.
G33.641−0.228. The source is highly variable. The features at
58.87 and 59.26 km s−1 showed anti-correlated variations in the
flux density (Section 3.5). The feature at 59.57 km s−1 showed ir-
regular ’flickering’ behaviour; the flux density at a quiescent level
of 12−30 Jy rapidly rose up to 90−370 Jy but our observations were
too sparse to recover the light curves (Section 3.6). Fujisawa et al.
(2014c) reported that a typical light curve of a flicker-like burst of
the feature is characterised by a very short (∼1 d) rise phase fol-
lowed by a slow (∼5 d) decline. No flickers were detected after
∼MJD 55750. The emission at velocities higher than 59.8 km s−1
showed complex uncorrelated variations of different amplitudes.
G33.980−0.019. The source is weak and the features at 59.04 and
64.09 km s−1 showed little variation.
G34.096+0.018. The feature at 55.15 km s−1 decreased by a factor
of three, whereas that at 61.17 km s−1 showed little variation.
G34.245+0.134. The emission at velocities higher than 56.0 km s−1
is confused by a side-lobe response from G34.257+0.153 (Breen et
al. 2015).
G34.396+0.222. The strongest feature at 55.62 km s−1 increased
by a factor of two. Faint (2−3 Jy) emission in the velocity range of
57.5−63.2 km s−1 remained stable.
G34.751−0.093. The features at 51.86 and 52.51 km s−1 showed
variability with the same pattern; after an initial decline the flux
density remained stable from MJD 55148 to 55900, then increased
reaching a peak near MJD 556006.
G35.025+0.350. The flux density of the strongest feature at
44.33 km s−1 varied from 13 to 24 Jy in a sinusoidal-like manner.
A new feature appeared at 43.32 km s−1 reaching a ∼4.5 Jy peak at
the end of the monitoring period.
G35.197−0.743. The feature at 28.48 km s−1 is a blend of emis-
sion from the two sources (Breen et al. 2015). The feature at
36.56 km s−1 was significantly variable, probably showing a low
amplitude ’flickering’.
G35.200−1.736. All the features showed an exponential decline
modulated with a period of 350−410 d. The flux density of individ-
ual features dropped by a factor of 2−8. The source was also highly
variable when monitored ∼10 yr earlier for a period of about 3.5 yr
(Goedhart et al. 2004). Thus the source shows significant long-term
(> 10 yr) variability; the overall shape of the spectrum reported by
Goedhart et al. (2004) is very different from ours. The faintest fea-
ture (∼15 Jy) observed by Goedhart et al. (2004), at 46.03 km s−1 ,
has now disappeared.
G35.793−0.175. The source showed significant variability. The ex-
treme blue- and red-shifted faint (4−5 Jy) features at 58.74 and
62.86 km s−1 sometimes dropped below the detection limit.
G36.115+0.552. The emission at velocities lower than 73.9 km s−1
comes from two sources separated by 1.′′2 (Bartkiewicz et al. 2009).
The strongest feature near 72.84 km s−1 declined by a factor of two
over one year then increased to its initial flux density of ∼25 Jy. The
emission near 74.55 km s−1 was moderately variable and showed
a velocity drift of 0.26 km s−1 (Section 3.7). The features at 82.15
and 83.86 km s−1 varied in flux density by a factor of three, whereas
the feature at 81.36 km s−1 increased from 2 to 5 Jy. The features at
velocity 70.38 and 71.70 km s−1 remained constant.
G36.705+0.096. The source is weak and all the features clearly
varied to different extents.
G37.030−0.038. This source has a single peak at 78.52 km s−1
which decreased by a factor of 1.4. The emission at velocities
higher than 79.0 km s−1 comes from G37.043−0.035 (Breen et al.
2015) and was not variable except for the feature at 81.59 km s−1
which decreased by a factor of 2.2.
G37.430+1.518. Quasi-periodic variations of up to 25 per cent seen
for all the features are probably effects of a pointing offset of 1.′3.
The source is discarded from further analysis.
G37.479−0.105. Most of the features showed moderate variations
except for the feature at 53.80 km s−1 which increased by a factor
of 5 and the 54.64 km s−1 feature which showed a scatter of 1−7 Jy
in flux density on a time-scale of a few weeks.
G37.554+0.201. Araya et al. (2010) reported quasi-periodic flares
of the 6.7 GHz methanol and 4.8 GHz formaldehyde masers. Our
data confirm variations of almost all the methanol maser features
with a period of ∼249 d.
G37.598+0.425. The features at 85.80, 87.12 and 88.66 km s−1
showed quasi-periodic (∼420 d) variations of decreasing amplitude.
The emission at 91.07 and 93.13 km s−1 synchronously flared near
MJD 55373 then gradually dropped below the detection limit.
G38.038−0.300. The feature at 58.13 km s−1 decreased by a factor
of two. There was no significant change in the other features.
G38.119−0.229. The main feature at 70.37 km s−1 increased from
3 to 5 Jy. A new feature appeared at 69.09 km s−1. The other fea-
tures showed little variation or remained stable.
G38.203−0.067. The flux density (∼7 Jy) of the 79.74 km s−1 fea-
ture was constant before MJD 55410 then dropped to ∼4 Jy near
MJD 55530 and then gradually increased to 13 Jy at the end of
observations. The emission at 84.22 km s−1 showed a flare lasting
about 220 d with a maximum near MJD 55400.
G39.100+0.491. The feature at 14.63 km s−1 decreased by a factor
of three. The rest of the features showed moderate or no significant
variations.
G40.282−0.219. The features of this source showed little or no
significant variations except the feature at 77.76 km s−1 which in-
creased by a factor of three.
G40.425+0.700. The feature at 6.64 km s−1 was moderately vari-
able but the other features were stable.
G42.304−0.299. The major feature at 28.06 km s−1 decreased by a
factor of 1.5.
G43.038−0.453. The flux density of the 55.46 km s−1 feature var-
ied from 1 to 3 Jy. The emission near 61.34 km s−1 flared near MJD
55050 and 55590 (Section 3.6).
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G43.149+0.013. This well known site W49N contains at least four
sources (Bartkiewicz et al. 2014; Breen et al. 2015) so some fea-
tures in the spectrum are blended. All confusion free features were
not variable.
G43.890−0.784. The main features show little variation with dif-
ferent patterns.
G45.071+0.132. This source was not variable. It is interesting that
our peak flux density of the main feature is similar to that observed
with the Parkes telescope but very different from that derived from
the ATCA observation (Breen et al. 2015).
G45.467+0.053. This source showed little or no variations to
within the noise. The emission at 49.96 km s−1 comes from the
nearby source G45.445+0.069 (Breen et al. 2015) and showed
moderate variation.
G45.473+0.134. The feature at 59.60 km s−1 varied with a pe-
riod of 196 d (Szymczak et al. 2015). The emission from 64.2 to
66.3 km s−1 showed the same variability pattern. The feature at
62.23 km s−1 remained constant. The emission in the velocity range
of 55.8−58.3 km s−1 comes from G45.493+0.126 (Bartkiewicz et
al. 2014) and did not show variation.
G45.804−0.356. The flux density of the main feature at
59.90 km s−1 varied irregularly by a factor of two.
G49.265+0.311. The emission from −5.90 to −4.00 km s−1 is com-
posed of at least four blended features which showed moderate
or small variations in flux density and drift in velocity up to
−0.17 km s−1.
G49.416+0.326. All the features at velocities higher than
−15.0 km s−1 showed quasi-periodic (370−420 d) variations with
a relative amplitude of 0.8−1.5. The emission from −26.8 to
−23.7 km s−1 comes from G49.417+0.324 (Breen et al. 2015) and
showed little variation.
G49.482−0.402. The emission of this source ranged from 44.5
to 52.0 km s−1 and was significantly variable but it is confused
by the emission from G49.490−0.388 (Breen et al. 2015). The
other features in the spectrum come from G49.490−0.338 and
G49.489−0.369 (Breen et al. 2015) and are strongly blended.
G49.599−0.249. The emission in the velocity range
60.7−64.5 km s−1 was highly variable (Section 3.4). The fea-
tures in the velocity range 57.5−60.5 km s−1 are side-lobe
responses from G49.490−0.338 and G49.489−0.369 (Breen et al.
2015).
G50.779+0.152. The main feature at 49.01 km s−1 increased by a
factor of two.
G52.199+0.723. The feature at 3.19 km s−1 increased by a factor
of less than two, whereas the feature at 3.68 km s−1 showed the op-
posite trend. This source is discarded from further analysis because
of the large pointing offset.
G52.663−1.092. This source was significantly variable. The main
features at 65.13 and 65.83 km s−1 increased by a factor of about
two. The 66.54 km s−1 feature irregularly showed sudden increases
to ∼4 Jy, up from the detection limit of ∼0.8 Jy.
G53.618+0.035. The main feature at 18.87 km s−1 decreased from
∼6 to ∼3 Jy with a flare lasting ∼380 d with a maximum near MJD
55390 (Section 3.6). The same pattern of variability was seen for
the feature at 18.56 km s−1 but with a relative amplitude of about
three.
G58.775+0.644. This source was observed with a large pointing
offset and is discarded from the statistical analysis.
G59.783+0.065. The features in the velocity range of
15.0−22.0 km s−1 showed large and correlated variations. The
strongest feature at 19.77 km s−1 showed sinusoidal-like variations
with a relative amplitude of 2.0−2.5 before MJD 55650 then
dropped to a quiescent level of ∼18 Jy. The peak at 27.02 km s−1
was constant to within the noise level.
G59.833+0.672. The feature at 37.08 km s−1 showed an increase
from 6 to 10 Jy modulated in a quasi-periodic manner. The flux
density of feature at 36.08 km s−1 has a scatter of more than 30 per
cent.
G69.540−0.976. All the features showed weak variations.
G70.181+1.742. The variability indices listed in Table 2 are over-
estimated due to pointing offset of 3.′3. Goedhart et al. (2005) sug-
gested that the source was variable. The source is discarded from
further analysis.
G73.06+1.80. The features at −2.59 and 5.93 km s−1 showed vari-
ations with a period of 160 d (Szymczak et al. 2015). Synchronous
periodic changes of a faint emission at 6.95 km s−1 were seen only
in certain cycles.
G75.782+0.343. Weak features near −10.93 and −9.48 km s−1
showed periodic (120 d) variations (Szymczak et al. 2015). The
feature at −1.98 km s−1 showed significant variability. The other
features exhibit correlated variations with moderate or small ampli-
tude. The values of variability indices are probably overestimated
because of the pointing offset of 1.′3. This source is discarded from
further analysis.
G78.122+3.633. This source was highly variable during our mon-
itoring (Section 3.4). Inspection of earlier observations reveals
a double peaked spectrum in the velocity range from −7.5 to
−5.5 km s−1 in 1995 April (Slysh et al. 1999), but a single-peaked
asymmetric spectrum at −6.1 km s−1 in 1999 (Szymczak et al.
2000) with an amplitude of 40-60 Jy. Goedhart et al. (2004) sug-
gested significant variations from 2000 January to 2003 February.
Thus the source varied significantly on time-scales up to 18 years.
G80.861+0.383. The main feature at −4.06 km s−1 exhibited two
maxima near MJD 55540 and 55950 of duration of 60−80 d super-
imposed on a slight decrease of the quiescent level from 5 to 3 Jy.
A new feature appeared at −11.12 km s−1 reaching a maximum of
4 Jy near MJD 55950 then dropped to 1.6 Jy over a month. Note
that the values of variability indices are probably overestimated due
to the pointing offset of 3.′0. The source is discarded from further
analysis.
G81.871+0.781. The features at 3.42 and 4.03 km s−1 showed cor-
related variations of similar relative amplitude. The features at
4.56, 5.13 and 5.75 km s−1, did not vary. The features at 7.20 and
9.39 km s−1 showed variability with different patterns.
G85.410+0.003. The feature at −31.60 km s−1 linearly increased
from 6 to 9 Jy. The feature at −29.54 km s−1 of 65 Jy remained
constant before MJD 55200, then doubled in intensity over three
months and attained a mean value of 105 Jy after MJD 55290. The
feature at −28.53 km s−1 exponentially decreased from 65 to 22 Jy
over the monitoring period.
G90.921+1.487. The two main features exhibited similar quasi-
periodic (150−320 d) behaviour with a prominent flare near MJD
55965, when the feature at −69.23 km s−1 rose by a factor of 4.6
over a 80 d period. Note that the source was observed with the 1.′5
pointing offset which probably causes a large scatter of flux density.
The source is discarded from further analysis.
G94.602−1.796. All the features in the source showed quasi-
periodic (∼195 d) variations of different amplitudes.
G108.184+5.519. This source showed little variation.
G109.871+2.114. Almost all features are highly variable. The flux
density variations of the blue- and red-shifted features are synchro-
nised and anti-correlated and interim high-amplitude periodic vari-
ations occurred for some features (Sugiyama et al. 2008; Szymczak
et al. 2014).
c© 2017 RAS, MNRAS 000, 1–61
16 M. Szymczak et al.
G111.256−0.770. The source was highly variable. The feature at
−41.18 km s−1 peaked near MJD 55320 but was marginally de-
tected after MJD 55610. The feature at −38.90 km s−1 systemati-
cally decreased in intensity by a factor of 6.5 before MJD 56180
then increased to its initial level. The feature at −37.84 km s−1
experienced an 85 day burst starting around MJD 55920 (Sec-
tion 3.6) and a further few bursts after MJD 56170. The feature
at −36.79 km s−1 increased from 1.5 to 4.5 Jy before MJD 55320,
then gradually decreased to 1.1 Jy near MJD 56275.
G111.542+0.777. The source showed moderate variability. The
flux density of feature at -61.35 km s−1 was ∼80 Jy before MJD
55200, then dropped to a mean value of 70 Jy and remained at this
level until MJD 55865 and then increased to about 100 Jy. The fea-
tures at −60.73 and −57.31 km s−1 did not show variation. The fea-
ture at −58.10 km s−1 showed a sinusoidal-like variation of 0.5 in
the relative amplitude from MJD 55280 to 56010. The emission
at −56.03 km s−1 linearly decreased by a factor of 1.5. The emis-
sion at velocities higher than −53.4 km s−1 comes from the nearby
sources G111.553+0.756 and G111.567+0.752 (Pestalozzi et al.
2006) which showed moderate variation.
G121.298+0.659. Faint (<2 Jy) emission in the velocity range
of −29.7 to −24.6 km s−1 was strongly variable. The feature at
−24.16 km s−1 exponentially increased from 0.7 to ∼4 Jy. The fea-
ture at −23.41 km s−1 showed quasi-periodic (∼330 d) changes
superimposed on an exponential decrease and a velocity drift
of −0.16 km s−1 (Section 3.7). The peak flux density of feature
−22.53 km s−1 was irregularly modulated by a factor of less than
two.
G123.066-6.309. The features of this source showed low-amplitude
(10−15 per cent) quasi-periodic (50−90 d) variations.
G136.845+1.167. The main feature at −45.14 km s−1 showed
sinusoidal-like variation with a decreasing amplitude. The source
is discarded from further analysis because the pointing offset of
1.′4.
G173.482+2.446. The source showed little or no variation within
the noise.
G183.348−0.575. The features at −15.20 and −14.68 km s−1 are
variable. The feature at −4.89 km s−1 decreased from 17 to 11 Jy
before MJD 55135, then remained stable almost to the end of the
monitoring period.
G188.794+1.031. The features at −5.54 and −5.15 km s−1 are
significantly variable with the same pattern. The emission near
−5.15 km s−1 was marginally detected after MJD 55470. A faint
(∼1 Jy) feature near 10.79 km s−1 is a side-lobe response from
G188.946+0.886 (Green et al. 2012).
G188.946−0.886. This is a known periodic (416 d) source with
low-amplitude sinusoidal variations in all the features (Goedhart
et al. 2004). The quiescent state flux density of the feature at
11.53 km s−1 decreased by a factor of two.
G189.030+0.784. The source was observed with a 1.′3 pointing off-
set and the variability indices are not reliable. The source is dis-
carded from further analysis.
G192.600−0.048. A few features with faint (1−2 Jy) emission at
velocities lower than 3.4 km s−1 showed irregular flare behaviour
(Section 3.6). The major features are relatively stable with the ex-
ception of low (<20 per cent) amplitude, short (∼30 d) flares near
MJD 55935 and 56240.
G196.454−1.677. The source was highly variable and all the fea-
tures showed the same variability pattern. The three major features
increased by a factor of 3−13; quasi-periodic (∼70 d) modulations
of increasing amplitude occurred between MJD 55530 and 55930
then the flux density of the features 14.69 and 15.13 km s−1 de-
creased to its pre-flare levels. Goedhart et al. (2004) reported a low
amplitude periodic (∼668 d) variation which has been confirmed
for longer time-series. Faint (1−2 Jy) emission appeared near MJD
55930 near 13.8 and 19.6 km s−1.
G232.620+0.996. This was a moderately variable source. All the
features showed a linear increase by a factor 1.8.
3.2 Variability statistics
There are nine features with VI >0.35 which sit below the variabil-
ity detection threshold (Fig. 4). Close inspection of these features
reveals that all but one are faint (.2 Jy) and their light curves in-
clude a few points with extreme values that cannot be considered
as outliers. For instance the feature 41.00 km s−1 in G31.158+0.046
has VI = 0.42 but its fluctuation index is only 0.08 (Table 2). All
nine features have FI 60.15. Figure 4 also shows three features
with VI 60.10 above the variability detection threshold. These fea-
tures are weak (63 Jy) and one of them experiences a long (∼500 d)
flare with the relative amplitude exceeding 2. The other two fea-
tures show weak (2-4 Jy) increasing and decreasing trends over the
entire monitoring period. The fluctuation index of these three fea-
tures ranges from 0.06 to 0.55. We conclude that the variability
index does not always provide a reliable measure of variability for
faint features and it is insensitive for long lasting, low amplitude
changes in the flux density. The fluctuation index is more useful in
these cases.
Figure 5 shows the fluctuation index versus variability index.
It is clear that for 0.0 < VI < 0.35 the fluctuation index of features
not detected as variable with χ2-test is constant and its mean value
is 0.070±0.002. For variable features with VI >0.20 and FI >0.05
these two indices are correlated with a correlation coefficient of
0.78 and for these limits VI = FI − 0.17 is obeyed. A few features
with low VI and high FI have light curves with low S/N (signal
to noise ratio) and experience low amplitude flares (e.g. the fea-
ture at 105.87 km s−1, in G33.093−0.073, Table 2). Features with
high VI and low FI are usually faint (.2 Jy) and exhibit variability
with low relative amplitudes. We confirm that all three measures
of variability agree well but their significance should be verified by
considering the S/N of the feature.
There are 137 sources in the sample for which variability pa-
rameters were unambiguously determined. 21.2 per cent (29/137)
of them have spectra with all the features non-variable (Fig. 6).
41.6 per cent (57/137) of the sources have 1-10 features in the spec-
tra of which one or two features are variable. 27.7 per cent (38/137)
of the sources have 3-4 variable features in the spectra composed of
3-10 features. 29.9 per cent (41/137) of sources showed variability
for all their features.
3.3 Periodic variations
We find that 9 out of 137 masers with well determined variability
measures are periodic sources, thus representing ∼6.5 per cent of
our sample. Spectral features with cyclic behaviour were detected
in the following sources: G22.357+0.066 (179 d), G24.148−0.009
(183 d), G25.411+0.105 (245 d), G30.400−0.296 (222 d),
G37.554+0.201 (237 d), G45.473+0.134 (195 d), G73.06+1.80
(160 d), G75.782+0.343 (120 d) and G188.946+0.886 (416 d). It is
interesting that a few of the periodic sources have a period close
to 180 d. Our further observations after 2013, not reported here,
ruled out possible seasonal effects for these sources. A thorough
analysis of the periodicity of five of these was reported elsewhere
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Figure 3. Left panels: Spectra of 6.7 GHz methanol masers showing the average (solid), high (dashed) and low (dotted) emission levels. Right panels: Light
curves of selected 6.7 GHz methanol maser features. Typical measurement uncertainty is shown by the bar for one of the first data points or is comparable to
the symbol size. (Only a portion of this figure is shown here to demonstrate its form and content. The complete figure is available online.)
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Figure 4. Reduced χ2 value versus the variability index for all maser fea-
tures in the sample. The dotted line marks the average threshold for vari-
ability detection. Non-variable and variable features are shown with red and
blue circles, respectively. The size of the symbol is proportional to the log-
arithm of the peak flux density of feature.
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Figure 5. Comparison between the variability index and the fluctuation in-
dex for all features in the sample. χ2 detects variations in 303 features (blue
circles) and does not detect in 263 features (red circles). The line denotes
a least-squares fit to the data after excluding non-variable features. The cir-
cles correspond to 303 features where χ2 detects variations (blue) and 263
features where χ2 does not detect variations.
(Szymczak et al. 2014) and a forthcoming paper will discuss the
remainder. G196.454−1.677 has been noted as a sinusoidal-like
variable with a period of ∼668 d (Goedhart et al. 2004) but our
monitoring is probably too short to confirm this behaviour. On the
other hand we have not detected any object with a period shorter
than 100 d probably due to the lower cadence for the majority of
the sources. This may explain why our detection rate of periodic
sources is about half of that postulated by Maswanganye et al.
(2015).
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Figure 6. Histograms comparing the number of sources and variable fea-
tures. Shown are the number of sources versus the number of features in the
spectrum. Panels from the top to the bottom represent the sources with de-
creasing number of variable features; (a) six features are variables, (f) one
feature is variable. Panel (g) represent the sources which all features are not
variable using the χ2r criterion. The total number of sources in each group
is given in the parentheses. Note that two sources with 7 and 8 variable
features are not shown.
3.4 Complex variations
Several of the sources exhibit complex changes in the shape and in-
tensity of the spectra which are not immediately visible in the light
curves (Fig. 3). In order to visualize the bulk variability of 6.7 GHz
maser emission we created dynamic spectra (Fig. A1) using linear
interpolation of the flux densities between consecutive 32 m tele-
scope spectra taken at roughly monthly cadence or shorter.
For G20.237+0.065 the shoulder near velocity 71.35 km s−1
experienced a flare with a maximum of ∼27 Jy near MJD 55620
and the feature at 71.71 km s−1 shows a periodically (∼480 d) mod-
ulated decline from 56 to 11 Jy (Fig. A1).
G23.707−0.198 showed complex variations in the entire spec-
trum (Fig. A1). The emission near 78.21 km s−1 became the
strongest around MJD 55575 and then drifted to 77.81 km s−1 at the
end of the monitoring. The velocity drift of ∼ −0.4 km s−1 yr−1 in
this object, which has a systemic velocity of 68.9 km s−1 may sug-
gest an inflow motion with a radial acceleration of 0.2 km s−1 yr−1,
but it could be simply an effect of differing variability of blended
features. The flux density in almost all spectral channels varied on
time-scales from 5 months to 3.6 years with markedly different pat-
terns. The features from 74.2 to 77.0 km s−1 exhibited flares lasting
from 5 to 14 months.
A spectacular and complex burst occurred in G24.329+0.144
(Fig. A1). Its properties are described in Section 3.6.
For 24.634−0.324, the emission at velocities higher than
43.2 km s−1 shows complex variations (Fig. A1). The emission of
43.91 km s−1 feature is a superposition of a linear increase from
1.5 to 4 Jy and short (2−3 months) flares which profiles cannot
be recovered due to sparse sampling. Weak (∼2 Jy) emission near
45.8 km s−1 disappeared, whereas a new feature near 46.4 km s−1
appeared about MJD 55420 and then monotonically increased.
Weak emission of G25.826−0.178 at velocity higher than
94.5 km s−1 shows complex changes (Fig. A1). Faint (∼3-4 Jy)
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flares at 99.53 and 95.36 km s−1 occurred around MJD 55230. Its
persistent features show irregular variations in amplitude.
The emission in the velocity range of 61.8−66.3 km s−1 of
G49.599−0.249 is strongly blended and significantly variable with
the relative amplitude up to 3.5 (Fig. A1). The variations of individ-
ual features are not correlated which resulted in significant changes
in the spectral shape over the monitoring period.
The spectrum of G78.122+3.633 experiences complex
changes (Fig. A1). The strongest feature at −6.14 km s−1 showed
moderate variability; its flux density of ∼33 Jy was stable before
MJD 55750, then slightly increased to ∼40 Jy. The other features
show correlated and strong variations; a shallow minimum occurred
near MJD 55300, a large drop by a factor of 4−15 occurred from
MJD 55620 to 55880 and a modulated increase started after MJD
56430.
3.5 Synchronous and anti-correlated variations
Synchronised and anti-correlated variations of maser features were
first detected in G109.871+2.114 (Sugiyama et al. 2008). We have
found further examples of similar variations in three sources.
For G23.437−0.184 the flux density in the range 101.5 to
102.9 km s−1 varies with a sinusoidal like pattern, while syn-
chronous and anti-correlated variations occur for the emission of
103.3−104.5 km s−1. The light curves of features at 101.72 and
103.95 km s−1 are shown in Figure 7 and the correlation coefficient
is −0.39. The variability pattern changes characteristics around
103.12 km s−1. The interferometric maps imply that the emission
comes from a warped linear structure with a clear velocity gradient
(Hu et al. 2016) which seems to be a strong indication of a circum-
stellar disc seen nearly edge-on.
Features peaked at 117.11 and 117.77 km s−1 in
G27.221+00.136 show a slight decrease over the entire ob-
serving period, while that at 118.52 km s−1 increased (Fig. 7).
Correlation coefficients for the variations of the feature pairs
115.49/117.11 km s−1 and 117.77/118.52 km s−1 are −0.59 and
−0.57, respectively. VLBI maps revealed a core-halo structure of
the emission with size of 100 mas and very complex velocity struc-
ture (Bartkiewicz et al. 2009). The components with anti-correlated
variations coincide to within less than 2 mas.
Features at 58.87 and 59.57 km s−1 in G33.641−0.228 show
anti-correlated and synchronised variability with the correlation co-
efficient of −0.47 over the entire data range (Fig. 7). The compo-
nents corresponding to these features coincide to within 10 mas (Hu
et al. 2016) and are located in the south-west edge of an arched
structure (Bartkiewicz et al. 2009).
In agreement with previous studies (e.g. Cesaroni 1990), we
suggest that the detection of synchronised and anti-correlated vari-
ability in the sources showing disc-like morphologies supports a
model of maser amplification with switching between radial and
tangential modes (Szymczak et al. 2014).
3.6 Burst activity
3.6.1 Short lived bursts
Some maser features exhibit large and rapid flux density enhance-
ments relative to their stable states. In most cases these events are
represented by outliers in the light curves and mimic a chain of cor-
rupted spectral channels in the dynamic spectrum. Figure 8 displays
the light curves of ‘flickering’ features in the five sources and Ta-
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Figure 7. Examples of synchronous variations of the methanol maser fea-
tures in the three sources. Each panel is labelled with the velocity of feature.
Typical measurement uncertainty is shown by the bar for the last data point
or is smaller or comparable to the symbol size.
ble 3 lists their parameters. Each burst meets the criterion of having
a relative amplitude higher than two.
G22.435−0.169 experienced at least three rapid flares at
35.54 km s−1. We consider the events as real because they were seen
in the two polarisations and were absent in the adjacent feature at
38.53 km s−1. The source was mapped with high angular resolution
at two different occasions (Bartkiewicz et al. 2009; Hu et al. 2016)
and no emission was detected at 35.54 km s−1 suggesting that the
relative amplitude during flares is higher than 100.
Three ‘flickering’ events occurred in G26.527−0.267 at
109.50 km s−1 with relative amplitudes of 3-7. The feature at
79.77 km s−1 in G28.305−0.387 flickered five times (Fig. 8). In
this source the emission of the feature comes from a region located
∼160 mas away from the strongest emission at 80.8 to 82.5 km s−1
(Hu et al. 2016). This may suggest that the flickering feature arises
from a region of weak and diffuse maser emission located far from
the central core structure. One can speculate that in those environ-
ments the maser is likely to be unsaturated and even a tiny contrast
in density or maser path length may produce significant changes in
the output flux density.
Synchronised and rapid flares occurred at MJD 55553 and
55785 for features 88.25 and 91.72 km s−1 of G30.822−0.053
(Fig. 8). The first feature flickered also at MJD 55220 while the
last feature flared also at MJD 56301. The emission at 88.25 km s−1
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Table 3. List of short lived bursts. The velocity of bursting feature Vp, time
of flare peak MJD, peak flux density S p and relative amplitude R are given.
Name Vp MJD S p R
(km s−1) (Jy)
G22.435−0.169 35.54 55550 3.2 3.3
55743 3.8 2.6
55974 5.6 10.0
G26.527−0.267 109.50 55028 3.0 3.1
55523 4.0 2.9
55925 4.5 6.7
G28.305−0.387 79.77 55106 7.3 8.6
55371 15.5 13.1
55440 11.9 2.1
55539 25.7 11.7
55684 8.9 7.0
G30.822−0.053 88.25 55220 13.7 92.0
55553 23.2 44.5
55785 21.3 53.2
91.72 55553 34.6 2.5
55785 60.0 2.9
56301 33.2 2.2
G33.641−0.228 59.57 55158 164.5 10.1
55220 69.7 5.4
55452 346.8 13.5
55602 241.9 10.6
55680 214.5 5.0
55748 93.3 3.9
declined down to the level of detectability that implies the relative
amplitude of flickers higher than 90.
High amplitude ‘flickering’ occurs in G33.641−0.228 at
59.57 km s−1 (Fig. 8). The flux density of this feature never dropped
below the detection limit. High resolution data (Bartkiewicz et
al. 2009; Hu et al. 2016) indicate that this emission comes from
the S-W edge of an arched structure ∼10 mas away from the re-
gion of anti-correlated and synchronous emission at 58.87 and
59.26 km s−1 discussed in Section 3.5. High cadence observations
over 294 d in 2009-2012 reveal five flares of the 59.57 km s−1 fea-
ture (Fujisawa et al. 2014c). One of these flares is evident in our
data; they reported the 506 Jy peak at MJD 55449 while we found
347 Jy peak three days later. This event was rarely sampled and one
can determine only the lower limit of the relative amplitude of 13.5.
Fujisawa et al. (2014c) derived the typical rise and fall times of one
and five days, respectively. They suggest that such short lived bursts
are powered by energy released in magnetic reconnection. Our data
for G33.641−0.228 indicates that the width at half-maximum of the
flickering feature is 0.21 km s−1 in a quiescent state and drops to
0.20 km s−1 in the flares. This precludes a line narrowing effect for
the possibly unsaturated amplification.
The present survey indicates that short lived bursts of the
maser emission are not unique to G33.641−0.228. These bursts are
observed for one feature of the spectrum or synchronously occurred
for more features in restricted velocity range. The relative ampli-
tude of the flickers ranges from 2 to 92 with the median value of
6.7.
3.6.2 Long lived bursts
Some maser features show a single bursting episode on all time-
scales that could be probed effectively in our monitoring. Generally
the flares are recognised as events for which the post- and pre-flare
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Figure 8. Examples of short flares in the methanol maser line. Light curves
of flaring and comparison features are represented by circles and squares,
respectively. Red circles show the ’flickering’ events. Typical measurement
uncertainty is smaller or comparable to the symbol size.
flux densities are equal but there is evidence for bursts of features
showing a gradual rise or fall over the entire monitoring period.
Our main criterion for the recognition of a burst is a relative ampli-
tude higher than 0.4. The most typical flare profiles are shown in
Figure 9 and their parameters are listed in Table 4.
There are 19 sources in the sample for which one or
more features experienced a single burst. In G24.329+0.144 and
G37.598+0.425 two or more features showed multiple flaring
episodes. The first source shows a remarkable global variability
where all the features experience synchronised flares (Fig. A1). For
instance, from MJD 55466 to 55780 the emission at 115.36 km s−1
rose by a factor of 57. This extreme flare was preceded by two
weaker bursts peaked at MJD 55314 and 55793 with a relative
amplitude of 2.7 and 12.7, respectively and followed by two faint
bursts around MJD 56013 and 56122 with relative amplitudes of
3.3 and 0.9, respectively. Here the relative amplitude is with regard
to the initial flux density of 1.2 Jy. The intervals between repeated
flares were 312, 164, 222 and 105 d, respectively. The feature pro-
file changed during the brightest flare showing a velocity drift of
−0.1 km s−1. The feature peaking at 113.43 km s−1showed a similar
variability pattern with a phase lag of ∼20 d. If this phase lag is
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Table 4. List of long lived bursts. The velocity of bursting feature Vp, time of flare peak MJD, rise tr and decay td times, maximum flux density Smax and
relative amplitude R are given. The last two columns list the slope fitted to the relationship between the line-width ∆v and flux density, together with its
correlation coefficient.
No Name Vp MJD tr td Smax R ln(∆v)/ln(S ) r
(km s−1) (d) (d) (Jy)
1 G20.237+0.065 71.35 55620 283 143 27.4 0.57 -0.29 -0.54
2 G23.707−0.198 74.85 55832 149 211 9.9 2.96 0.33 0.67
76.45 55460 48 426 15.4 0.45
76.98 55645 118 185 18.2 0.45
3 G24.329+0.144 108.24 55592 80 57 1.7 2.53 0.05 0.09
55750 60 98 2.5 3.24
109.47 55574 61 75 4.0 1.00 0.03 0.11
55736 72 85 4.7 2.05
110.26 55574 108 90 13.0 0.88 0.05 0.31
55750 86 149 14.1 1.25
111.27 55847 96 248 6.2 9.33 -0.19 -0.88
112.81 55832 266 372 14.0 2.78 0.20 0.81
113.43 55638 70 52 5.7 1.56 -0.22 -0.96
55832 142 224 50.0 22.04
114.17 55638 110 52 1.9 1.75
55832 142 243 5.0 8.43
115.18 55805 115 148 65.7 11.23
115.36 55638 110 52 13.1 3.60
116.54 55832 142 379 2.8 3.07 0.01 0.02
119.83 55832 264 388 4.5 2.49 0.04 0.21
4 G29.955−0.016 95.39 55655 125 259 48.7 0.85 0.11 0.74
5 G30.225−0.180 113.23 55586 149 199 13.8 1.16 0.05 0.24
113.23 55919 134 264 18.5 1.89
6 G31.059+0.093 15.81 55642 192 165 14.9 2.05 0.02 0.13
16.46 55642 188 151 21.1 0.79 -0.02 -0.17
7 G31.581+0.077 95.54 55335 101 176 5.4 0.69 0.04 0.11
98.04 55297 63 214 4.2 2.23
98.83 55310 76 201 8.9 0.63 0.17 0.35
8 G32.045+0.059 94.12 55761 206 129 74.1 2.82
94.82 55821 266 69 53.6 1.76 -0.32 -0.88
9 G33.093−0.073 102.76 56107 160 63 7.5 0.68 -0.09 -0.16
105.87 55971 221 298 3.3 3.35 -0.26 -0.74
10 G34.244+0.133 60.66 55687 48 90 2.8 0.44 0.15 0.19
61.10 55280 168 156 4.6 0.92 0.20 0.48
11 G36.115+0.552 82.15 56130 100 68 9.4 1.35 0.21 0.87
83.86 55645 242 270 9.7 1.41 -0.15 -0.48
12 G37.598+0.425 85.80 55384 129 83 13.8 2.77 -0.01 -0.06
55788 145 111 11.6 1.13
87.12 55387 132 80 24.9 1.76 0.03 0.17
55710 67 174 20.6 0.53
88.57 55329 74 165 3.8 1.18 0.23 0.56
91.07 55373 118 79 5.3 2.35 -0.28 -0.87
93.13 55384 143 83 3.5 6.00 -0.08 -0.32
13 G38.203−0.067 81.85 55403 94 111 4.0 0.74 0.23 0.58
84.22 55403 121 118 11.1 0.82 0.06 0.27
14 G43.038−0.453 61.34 55590 122 238 2.1 4.89 -0.20 -0.42
61.60 55590 79 141 2.3 3.89 -0.20 -0.29
15 G49.599−0.249 62.33 55324 80 142 12.7 0.39 -0.56 -0.95
16 G53.618+0.035 18.56 55387 263 191 5.2 0.76 -0.01 -0.05
18.87 55385 266 210 8.4 0.90
17 G80.861+0.383 −11.12 55930 56 49 4.2 1.80 -0.07 -0.29
−4.01 55946 72 37 11.1 1.83 -0.01 -0.04
−2.04 55946 72 33 1.7 1.83 -0.09 -0.22
18 G109.871+2.114 −1.33 55252 41 419 6.1 14.38
−0.59 55310 32 474 7.0 16.50
19 G111.256−0.770 −41.18 55298 33 121 3.3 1.00 -0.25 -0.46
−37.84 55908 11 38 7.0 5.67 -0.10 -0.51
20 G188.794+1.031 −5.15 55057 30 283 3.9 8.75 -0.08 -0.33
21 G192.600−0.048 1.75 55466 99 391 2.6 5.57 -0.20 -0.37
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Figure 9. Selection of flare profiles of the methanol maser features. Each
profile is labelled with the number of source as given in Table 4 and the
radial velocity of the feature. Note different time-scale in the upper and
lower panels.
due to the difference in light travel time then the two components
are separated by ∼3400 au. The angular separation of the compo-
nents is ∼0.′′3 (Bartkiewicz et al. 2016; Hu et al. 2016), which cor-
responds to ∼2800 au at a distance of 9.4 kpc. It is striking that the
two estimates agree well within the error budget. Thus, the flares
are likely to be caused by variations in the pump rate triggered by
significant changes in the output of a central powering source re-
peated on time-scales of 100-300 d.
The duration of the bursts ranges from 49 to 652 d with aver-
age and median values of 296±18 and 277 d, respectively (Fig. 10).
The asymmetry of the flare curves, defined as the ratio of the du-
ration of the rising branch to the total duration of the burst, ranges
from 0.06 to 0.79. The median value of 0.43 implies a symmet-
ric flare profile for the majority of the burst episodes. The relative
amplitude of bursts varies from 0.4 to 22.0 with a median of 1.8
(Fig. 10).
There are several flaring features which appear to be well sep-
arated in velocity and we attempted to fit Gaussian functions to
their profiles in order to examine the relation between the line-
width at half-maximum (∆v) and the peak flux density (S p).
Columns 9 and 10 of Table 4 give the slope fitted to the ra-
tio ln(∆v)/ln(S p) and its corresponding correlation coefficient. The
highest correlation coefficients of r < −0.8 are only for 5 features
of which the slopes of ln(∆v)/ln(S p) ranges from −0.19 to −0.56.
0 4 8 12 16 20 24
0
20
 
 
Relative amplitude of burst
0.0 0.5 1.0
0
5
10
 
 
N
um
be
r o
f b
ur
st
s
Asymmetry of burst curve
0 100 200 300 400 500 600 700
0
5
10
  
 
Duration of burst (d)
Figure 10. Histograms of long lived methanol maser bursts. The duration
of bursts, the asymmetry of flare profile and the relative amplitude of bursts
are shown.
0
20
40
S
p
 (
Jy
) a
0.2
0.4
0.6
 ∆
v(
k
m
s−
1
)
b
55600 55800 56000 56200
MJD
113.2
113.4
V
C
(k
m
s−
1
)
c
0 1 2 3 4
ln(Sp(Jy))
-1.5
-1.0
-0.5
ln
(∆
v(
k
m
s−
1
))
d
ln(∆v)/ln(Sp)= -0.22
r=-0.96
Figure 11. Line-width and flux density relationship for the 113.43 km s−1
feature in G24.329+0.144. The line parameters obtained from Gaussian fit-
ting (a) the flux density at feature peak S p, (b) the line-width at half max-
imum ∆v, (c) the velocity of the profile centre Vc are shown as a function
of time. Typical measurement uncertainty is shown by the bar for the last
data point either is smaller or comparable to the symbol size. (d) Line-width
versus peak flux density is shown, the dotted line is the fitted relation to the
data points and its slope and correlation coefficient are given.
Figure 11 shows the plots of the flux density, line-width at half
maximum and velocity of the profile centre versus time and the
line-width versus peak flux density for the feature 113.43 km s−1
of G24.329+0.144. We conclude that only a few features may obey
the line-width − flux density relation predicted for unsaturated am-
plification (Goldreich & Kwan 1974). Line narrowing is not obvi-
ous for the majority of features, probably due to the transformation
of spectral features during the flares and to spatial blending.
3.7 Velocity drifts
Seven sources in the sample have individual spectral features show-
ing velocity drifts of 0.15−0.26 km s−1 over the entire observ-
ing period. We fitted Gaussian curves to the observed line pro-
files of features with average peak velocities of 82.81, 82.89,
74.55 and −23.41 km s−1 in G23.207−0.378, G31.047+0.356,
G36.115+0.552 and G121.298+0.659, respectively. The dynamic
spectra of these features are shown in Fig. B1.
The feature at 82.81 km s−1 from G23.207−0.378 drifts at rate
of −0.035 km s−1 yr−1, which may suggests an inflow motion, since
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the systemic velocity of the source is 79.2 km s−1. Inspection of
high angular resolution maps taken at MJD 53320 (Bartkiewicz et
al. 2009) revealed a single maser cloud at 82.84 km s−1, which is
also seen in contemporaneous VLA data (Hu et al. 2016). This in-
dicates the persistence of the maser cloud on a time-scale of ∼7 yr
but its structure has evolved considerably over the period of moni-
toring.
The feature at 82.89 km s−1 from G31.047+0.356 has a Gaus-
sian profile and drifts at the rate of −0.036 km s−1 yr−1. This linear
drift is still preserved when the VLBI data taken at MJD 54173
(Bartkiewicz et al. 2009) are considered. The emission of the fea-
ture comes from a single maser cloud separated from a nearby
cloud by 25 mas. The systemic velocity of the source is 77.6 km s−1
therefore the observed velocity drift can indicate inflow motion.
The feature at 74.55 km s−1 from G36.115+0.552 shows a
drift at a rate of +0.073 km s−1 yr−1. Its profile is well fitted with
a Gaussian function but there are weak features in adjacent spectral
channels which may affect the behaviour of the feature. Indeed, the
VLBI data (Bartkiewicz et al. 2009) show two weak maser clouds
which coincide with the 74.55 km s−1 cloud within 4 mas.
The feature at −23.41 km s−1 from G121.298+0.659 shows a
velocity drift of −0.035 km s−1 yr−1. Contemporaneous VLA data
(Hu et al. 2016) confirm that the feature profile is Gaussian. The
systemic velocity of the object is probably −25.1 km s−1 thus the
drift may indicate inflow motion.
We conclude that the above-mentioned targets are good can-
didates for future VLBI studies to verify if the radial velocity ac-
celeration of features really traces the accreting gas, as was demon-
strated for AFGL5142 (Goddi et al. 2011).
There is also evidence for velocity drifts of the following fea-
tures: at 60.91 km s−1 from G20.239+0.065; at 23.88 km s−1 from
G26.598−0.024 and at 114.97 km s−1 from G26.601−0.221. The
profiles of these features cannot be fitted with Gaussian curves and
different variability patterns of a few blended features are the most
natural explanation for the observed drifts.
4 DISCUSSION
4.1 Comparison with previous studies
Monitoring the variability of methanol masers at 6.7 GHz has been
subject of a number of studies. Table 5 summarises a comparison of
our variability statistics with that reported by Goedhart et al. (2004)
for a sample of 54 sources. They considered a feature as variable
when the variability index, defined by their equation 1, is higher
than 0.5, whereas in our analysis this criterion is met if a feature has
the reduced χ2 higher than the corresponding value for a 99.9 per
cent significance level of variability. We infer that the percentage
of variable features in Goedhart et al.’s study is nearly the same as
ours (Table 5). Assuming that a source is non-variable if all fea-
tures in its spectrum are non-variable we found that 19 per cent of
sources in Goedhart et al.’s sample were non-variable, compared to
21 per cent in the present sample. We conclude that the quantitative
characteristics of maser variability on time-scales of one month to
4 yr are very similar in the two studies.
Eleven sources in our sample are common to Goedhart
et al.’s sample. Sources G35.200−1.736, G52.663−1.092 and
G196.454−1.677 were highly variable at the two monitoring pe-
riods lasting 3.7 and 4.2 yr. Their spectra were highly trans-
formed whilst individual features decreased by a factor of 3−5
after ∼10 yr. In G59.78+0.06 the feature at 27.02 km s−1 in-
creased from 10 to 35 Jy when observed by Goedhart et al. but
Table 5. Comparison with the study by Goedhart et al. 2004.
Goedhart et al. 2004 This work
Duration of monitoring (yr) 4.2 3.7
Average observation cadence (month−1) 2-4 1
Number of sources analysed 54 137
Percentage of variable features 55.0 53.5
Percentage of non-variable sources 18.9 20.9
Percentage of periodic sources 13.0 6.5
it reached 42 Jy after 10 yr and remained stable during our mon-
itoring. However, features at velocities lower than 26.5 km s−1
strongly transformed after 10 yr and showed significant variabil-
ity. G23.010−0.411 and G23.437−0.184 showed synchronised and
low or moderate amplitude variations on the shorter time-scales
with only small changes in the shapes of spectra over ∼10 yr. The
spectral shape of G188.946−0.886 and its periodic variations were
preserved. G45.071+0.132 was non-variable during the two mon-
itoring periods. The shape and intensity of its spectrum remained
the same after 10 yr. Comparison of the variability characteristics of
G78.122+3.633, G81.871+0.781 and G189.030+0.784 is not war-
ranted because the first two objects were observed by Goedhart et
al. at low elevation, whereas our data for the last source are con-
taminated by confusion. Therefore, the above comparison indicates
that for four out of eight sources the spectra changed significantly
after 10 years.
In our sample there are 17 and 19 sources for which the maser
features showed a steady increase and decrease, respectively. Here,
we assume that a trend of steady increase or decrease is real if the
initial and final flux densities differ by more than 20 per cent. In a
further 8 sources the numbers of features showing steady increases
and decreases in flux density are nearly equal. For a total number
of 70 features with a monotonic variability the pattern of steady
increase occurs in 32 features. We conclude that the numbers of
sources and maser features with long (>3.7 yr) steady growth and
decay of flux density are similar. This is in contrast with finding
by Goedhart et al. (2004) who reported that 12 out of 15 sources
have features with steadily increasing flux density, which may hint
that the growth phase of masers may be much longer than decay
phase. A sensitivity of their monitoring was similar to ours and
we suggest that the asymmetry between the number of increasing
v. decaying features could be related to the different criteria for
pattern recognition used by the two studies.
4.2 Variability measures and luminosity relations
Here, we investigate the relationships between variability proper-
ties and the luminosities of maser features and their powering stars.
The distances were derived from trigonometric parallaxes, mainly
from the compilation by Reid et al. (2014), or else calculated by ap-
plying the recipe from Reid et al. (2009) to the systemic velocities
listed in Table 1. Trigonometric distances are available for 43 maser
sites in the sample. To resolve the kinematic distance ambiguity
(KDA) we relied upon the data published in Green & McClure-
Griffiths (2011). They used respectively the presence or absence of
self-absorption in HI spectra in the proximity of the systemic veloc-
ity to decide whether the source is at the near or far kinematic dis-
tance. We found that the KDA could be resolved for 68 maser sites
in Table 1. For targets with known distances we have calculated
the luminosity of each maser feature with uncorrupted variability
indices given in Table 2 and assuming the emission is isotropic. In
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several cases the maser features are blended and fitting a Gaussian
function to the profiles was risky when high angular resolution data
are not available. Therefore the integrated flux density of features
was estimated from the peak flux density assuming the mean line-
width of 0.4 km s−1 (Bartkiewicz et al. 2016).
In the upper panels of Figure 12 we plot the maser feature lu-
minosity as a function of reduced χ2 and variability index for the
sources with known trigonometric distances. There is a moderate
anti-correlation between the feature luminosity and variability in-
dex (r = −0.45 and p value << 0.01) and a weaker anti-correlation
between the feature luminosity and reduced χ2 (r = −0.36 and p
value << 0.01). The same parameters for the sources where the
feature luminosity was derived from the kinematic distances are
plotted in the lower panels of Figure 12. The correlation coefficient
for the feature luminosity − variability index relation drops by a
factor of two and no correlation is seen between the feature lumi-
nosity (Lmas) and χ2r . From this we conclude that maser features of
low luminosity tend to be more variable than those of high lumi-
nosity. This anti-correlation disappears when the sources with less
accurate distances are considered.
The anti-correlation between the maser feature luminosity and
variability measures does not allow us to distinguish between maser
variations caused by changes in the background radiation or by
changes in the optical depth of the transition. Comparing the vari-
ability measures and bolometric luminosity of exciting star and
other characteristics of the maser sites has the potential to resolve
this ambiguity. In order to derive the bolometric luminosity of ex-
citing star, we used the Python package for the SED fitting tool
by Robitaille et al. (2007) and SED models from Robitaille et al.
(2006) to model the photometric data from 3.4µm to 1.1 mm taken
from GLIMPSE (Benjamin et al. 2003), MIPSGAL (Carey et al.
2009), WISE (Wright et al. 2010), Herschel (Molinari et al. 2016),
ATLASGAL (Schuller et al. 2009) and BOLOCAM (Ginsburg et
al. 2013). A full discussion of the photometric data used and the
results for this sample is beyond the scope of this paper and will be
discussed in a future publication.
Figure 13 shows the relationship between reduced χ2 and
bolometric luminosity (Lbol) for 125 maser sites (546 features). The
associated correlation coefficient is −0.12 with a significance value
of 0.005. There are 52 features showing flaring and periodic be-
haviour, the origin of which can be extrinsic to maser regions, such
as variations of accretion rate in a binary system (e.g. Araya et al.
2010; Parfenov & Sobolev 2014). After excluding these 52 fea-
tures the correlation coefficient increased to −0.16 (p < 0.0004),
which implies weakly statistically significant correlation. When we
confine the analysis to the sources with known trigonometric dis-
tances, the correlation coefficient for Lbol−χ2r relation rises to −0.26
(p < 0.002). This implies that the variability of maser features
increases in the sources powered by less luminous MYSOs. We
suppose that the statistical significance of Lbol − χ2r relation shown
in Figure 13 may be reduced because the bolometric luminosity
we used is a measure of the total luminosity of the protocluster,
whereas the maser intensity more likely depends on the intrinsic lu-
minosity of a single cluster member which supplies the far-infrared
pumping photons (Cragg et al. 2005).
A recent survey of 6.7 GHz continuum emission towards
methanol masers (Hu et al. 2016) provides another constraint on
the physical properties of 113 of the targets in our sample. Con-
tinuum emission was detected within less than 3′′ from the maser
position for 48 objects, so we assume that these maser and contin-
uum sources are physically related. The Lyman continuum flux (Ni)
is estimated using formula (Carpenter, Snell & Schloerb 1990):
(
Ni
photons s−1
)
= 9 × 1043
(
S ν
mJy
) (
D2
kpc
) (
ν0.1
6.7GHz
)
(5)
where S ν is the integrated radio flux density measured at frequency
ν and D is the distance to the source. Figure 14 shows the rela-
tion between the isotropic maser luminosity (Lm), calculated from
the observed line integral, as a function of Lyman flux. There is
a significant correlation between these parameters. Again, we see
that the correlation coefficient is slightly higher for the subset of
20 sources with trigonometric distances than for that of 28 sources
with kinematic distances. We can state that the maser luminosity
is related to the continuum photon flux of the most massive star in
the cluster which is able to produce an HII region detectable at cm
wavelengths. More luminous massive stars would excite methanol
molecules more efficiently over a larger region than less luminous
stars; the pump rate would be higher and the path of maser am-
plification would be longer. This conclusion is consistent with the
results of previous studies (Urquhart et al. 2013a,b, 2015; de Vil-
liers et al. 2014) which have shown significant correlations between
methanol maser luminosity and the the mass and size of maser-
associated sub-millimetre continuum sources.
Figure 15 presents the average value of reduced χ2 versus the
Lyman flux. Here, the average for each of 48 sources is calculated
from χ2r of features given in Table 2. The correlation coefficient is -
0.694 for objects with trigonometric distances, demonstrating a sig-
nificant anti-correlation between maser variability and Lyman pho-
ton flux. The correlation coefficient significantly decreases for the
sources with the parameter determined from kinematic distances
and no significant correlation exists. This analysis again suggests
that maser emission excited by more luminous central stars is less
variable than that that driven by fainter objects.
Summing up the above discussion we suggest that the vari-
ability of 6.7 GHz maser emission decreases for objects where the
bolometric luminosity of the exciting star is higher.
4.3 Causes of variability
Extraordinary outbursts in G24.329+0.144 appear to be particularly
instructive to investigate for the causes of variations. The bright-
ness temperature of its maser components ranged from ∼107 to
2× 109 K during the VLBI observations in June 2009 (Bartkiewicz
et al. 2016). At this epoch the emission near 115.36 km s−1 was
marginally detected with a beam of 5.7× 4.7 mas and had a bright-
ness temperature 6 2 × 107 K. The pre-flare flux density of this
feature, measured with the 32 m dish, was ∼1.1 Jy and it increased
by a factor of ∼57 during the main flare. This corresponds to an in-
crease in the optical depth of the maser radiation by more than 4 for
unsaturated amplification, assuming constant brightness tempera-
ture of background radiation (Tbg). The assumption that the maser
operates in the unsaturated regime is supported by the fact that the
flux density during the bursts always shows exponential growth and
decline with a characteristic time of 45−105 d. We have found a
few features showing an anti-correlation between the intensity and
line-width (Table 4, Fig. 11), which is theoretically foreseen for
unsaturated amplification (Goldreich & Kwan 1974).
Using the method discussed in Moscadelli et al. (2017) we
derive Tbg 630 K, adopting the contributions from spontaneous
and dust emissions of 62 K and20 K, respectively. The 6.7 GHz
continuum emission of 0.26 mJy detected in March 2012 with the
JVLA in C configuration (Hu et al. 2016) implies a contribution
from ionized gas of 61 K. Thus, the brightness temperature of the
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Figure 12. Luminosity of maser features and variability measures. The luminosity is shown versus reduced χ2 (panels a, c) and variability index VI (panels b,
d). The squares and circles represent features of sources with trigonometric and kinematic distances, respectively. The dashed lines represent the best-fitting
results. The colour wedge marks the number of features per ∆χ2r ∆Lmas and ∆VI∆Lmas bins.
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(black squares) and kinematic (red circles) distances, respectively.
maser component given by Tbm = Tbge|τ| corresponds to a maser
line optical depth of τ=13.4, in a quiescence phase. Therefore, Tbm
would increase to ∼1.2×109K at the flare maximum when τ in-
creased to ∼17.4. This value of Tbm is still below the saturation
threshold (Moscadelli et al. 2017) and, for a constant τ, an increase
of Tbg up to 1800 K can account for the flux density observed at
the flare maximum. However, no obvious process is known which
could lead to the growth of Tbg by a factor of 60 on time-scales of
100−300 d and we suggest it is improbable that that seed photon
flux increase is a major contributor to the maser flare.
The second factor which can influence the flare curve is the
maser optical depth. It can be expressed (Goldreich & Kwan 1974;
Cragg et al. 2002) as τ ∝ (∆P/Γ)(n/∆Φ)l, where ∆P is the net pump
rate, Γ is the collisional dumping rate of the maser levels, n is the
number density of the molecule, ∆Φ is the line profile width and l is
the amplification path. For the flaring feature in G24.329+0.144 a
change of τ by about 30 per cent accounts for the observed flux den-
sity variations. Nearly simultaneous bursts of several features in the
source strongly indicate that they are excited radiatively. This sup-
ports the hypothesis that the 6.7 GHz maser transition is pumped
by infrared photons (Cragg et al. 2005) and implies that the pump
rate plays a major role in triggering the burst activity. The same
scenario has been proposed to explain a giant flare of the 6.7 GHz
maser in S255 NIRS3 (G192.600−0.048) which strongly bright-
ened in the infrared due to accretion events (Caratti o Garatti et al.
2017; Moscadelli et al. 2017). A substantial increase in the infrared
luminosity can enlarge the size of the excited region and provide a
longer amplification path.
The present survey revealed many features showing uncorre-
lated variability but usually of low amplitude, on different time-
scales. This behaviour may be induced by tiny fluctuations of the
parameters affecting the optical depth or may arise due to correla-
tions between the velocity fields and the alignment of the structures
along the line of sight in extended regions of maser formation (see
Sobolev & Gray 2012 for review).
There is observational evidence that the maser emission comes
from a cylindrical structure rather than from a spherical cloud.
VLBI data imply a typical transverse size of the maser compo-
nents of 16 au (Bartkiewicz et al. 2016), implying that a shock
propagating perpendicularly to a maser cylinder must have a ve-
locity of 92 km s−1 to travel the structure over 300 d, disturbing the
velocity coherence. The existence of such fast shocks is possible
but it is very unlikely that the methanol maser would survive such
shocks. Additionally, it is unlikely that the emission from different
clouds located in maser regions of size 400-1000 au could be ex-
cited nearly simultaneously (Bartkiewicz et al. 2016). We conclude
that shocks are not an important factor in causing the maser vari-
ability at 6.7 GHz. Calculations of spectral and spatial distributions
of maser emission at 25 GHz from a turbulent medium (Sobolev,
Wallin & Watson 1998) suggest that a velocity dispersion of turbu-
lence of about 1 km s−1 could account for the observed character-
istics and may lead to time variability by changes in the velocity
coherence.
One of the unexpected findings of the present monitoring is
the detection of short lived bursts from spectral features in five tar-
gets. These events are usually confined to a single feature, suggest-
ing the local enhancement of maser amplification, repeated in a
random manner. Detailed temporal characteristics of the events in
G33.641−0.228 were reported by Fujisawa et al. (2014c), who es-
timated that the size of the active region was much less than 70 au.
They proposed a rapid energy release in magnetic reconnection
near the stellar surface or in a flaring disc as possible origin of this
phenomenon.
The present survey has shown a wide range of variability phe-
nomena but no anti-flare sources, i.e. those characterized by a sud-
den dimming followed by a slow return to the original flux density
were found. We notice that for the observed brightness temperature
of 107 to 109 K a rapid decrease in the maser optical depth by ∆τ
results in relatively small drop in Tbm for the case of unsaturated
amplification (Tbm ∝ eτ). On the contrary an increase of τ by the
same value would produce a relatively large increase in Tbm. We
suggest that a lack of anti-flare events is a natural consequence that
the 6.7 GHz methanol maser in the monitored sources largely oper-
ates below the saturation threshold.
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5 SUMMARY
We have presented the results of 3.7 yr monitoring observations of
large sample of HMYSOs in the 6.7 GHz methanol maser line. We
summarize our principal results as follows.
(i) Nearly 80 per cent of the sources show variations in the flux
density greater than 10 per cent in at least one spectral features on
all time-scales that could be sampled effectively in the study.
(ii) Diverse variability patterns appear; from a monotonic de-
crease/increase over the entire monitoring, independent or corre-
lated changes in feature peaks, bursts of individual features or their
groups on different time-scales to very complex changes of the
spectra with appearance and disappearance of maser features.
(iii) Cyclic variations are detected in nine sources with periods
ranged from 120 to 416 d.
(iv) Synchronised and anti-correlated variations of maser fea-
ture groups are identified in four sources. This specific behaviour
may be caused by switching between radial and tangential modes
of maser amplification in these sources if they have a disc-like mor-
phology.
(v) Several bursts of duration from less than a week to several
months are observed in about 17 per cent of the sources. In only
a few cases the line-width of the flaring feature decreases with in-
crease in the flux density indicating the effect of line narrowing in
the unsaturated regime.
(vi) The radial velocity drifts detected for several features can be
naturally explained mostly as due to different variability patterns of
close and blended features, but there are a few candidate features
suggesting inflow motion that deserve further studies.
(vii) A general trend is found that low luminosity features are
more variables than high luminosity features. The maser luminos-
ity is closely related to the bolometric luminosity and Lyman flux
of exciting HMYSO as we confirmed for the sub-sample of sources
with trigonometric distances. This strongly suggests that variation
of infrared flux is a main cause of the burst activity of the maser in-
fluencing the pump rate. The variations of individual features in the
spectra may be also due to small disturbances in velocity coherence
and path of amplification in the turbulent velocity field.
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Figure A1. Dynamic spectra for sources with complex variability. The ve-
locity scale is relative to the local standard of rest. The horizontal bars in
the left coordinate correspond to the dates of the observed spectra. (Only
a portion of this figure is shown here to demonstrate its form and content.
The complete figure is available online.)
APPENDIX A: DYNAMIC SPECTRA
APPENDIX B: DYNAMIC SPECTRA OF SPECTRAL
FEATURES WITH VELOCITY DRIFT
Figure B1. Dynamic spectra for features with velocity drifts. The arrow
indicates the systemic velocity for each source. (Only a portion of this figure
is shown here to demonstrate its form and content. The complete figure is
available online.)
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Figure 3. Left panels: Spectra of 6.7 GHz methanol masers showing the average (solid), high (dashed) and low (dotted) emission levels. Right panels: Light
curves of selected 6.7 GHz methanol maser features. Typical measurement uncertainty is shown by the bar for one of the first data points or is comparable to
the symbol size.
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Figure A1. Dynamic spectra for sources with complex variability. The ve-
locity scale is relative to the local standard of rest. The horizontal bars in
the left coordinate correspond to the dates of the observed spectra.
APPENDIX A:
Figure A1 – continued
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APPENDIX B:
Figure B1. Dynamic spectra for features with velocity drifts. The arrow
indicates the systemic velocity for each source.
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